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Wklv sdshu sursrvhv d g|qdplf wkhru| ri dgmxvwphqw ri oderu irufh wr d vkrfn
wkdw pdnhv h{lvwlqj kxpdq fdslwdo vwrfn revrohwh1 Zrunhuv zloo qrw lqyhvw lq wkh qhz/
vxshulru vnloov ehfdxvh wkhlu fxuuhqw ydoxh ghshqgv rq wkh h{lvwlqj frpsohphqwdu| vwrfn
ri kxpdq fdslwdo/ dqg wkh revrohwh vshfldol}hg vnloov duh odujho| lqfrpsdwleoh zlwk wkh
qhz vshfldol}hg vnloov1 Oderu pdunhw lpshuihfwlrqv pdnh wkh fxuuhqw vnloov glvwulexwlrq
dq lpsruwdqw idfwru lq wkh ghflvlrq wr lqyhvw lq qhz vnloov1 Wklv fuhdwhv urrp iru
jhqhudolvwv/ zrunhuv zlwk dq lqwhuphgldwh vhw ri vnloov zkr duh deoh wr zrun zlwk erwk
rog dqg qhz w|shv1 Dorqj wkh htxloleulxp sdwk wkh hfrqrp| dffxpxodwhv d exhu vwrfn
ri jhqhudolvwv wkdw hyhqwxdoo| pdnhv lw surwdeoh wr lqyhvw lq vxshulru vshfldol}dwlrq1
Wkh sdshu sursrvhv qhz phwkrgv ri vwxg|lqj wkh g|qdplfv ri dgmxvwphqw lq vhdufk
prghov zlwk iruzdug0orrnlqj lqyhvwphqw1 Lw fkdudfwhul}hv wkh g|qdplfv ri wudqvlwlrq
dqg dqdo|}hv krz htxloleulxp sdwkv glhu dfurvv frxqwulhv zlwk glyhuvh oderu pdunhw
dqg hgxfdwlrqdo lqvwlwxwlrqv1 Wkh h!flhqf| dqdo|vlv doorzv gudzlqj srolf| lpsolfdwlrqv1
Hfrqrphwulf hylghqfh rq oderu pdunhwv lq wudqvlwlrq hfrqrplhv lv vkrzq wr eh eurdgo|
frqvlvwhqw zlwk suhglfwlrqv ri wkh prgho1 Hdvw Jhupdq| suhvhqwv d vwdun h{dpsoh ri
udslg wudqvlwlrq zklfk lv gl!fxow wr h{sodlq e| wudglwlrqdo wkhrulhv exw lv frqvlvwhqw
zlwk wkh suhglfwlrqv ri p| prgho1
4L q w u r g x f w l r q
Uhfhqwo|/ d qxpehu ri sdshuv frqwulexwhg wr wkh dqdo|vlv ri htxloleuld lq d jhqhudo fodvv ri
vhdufk prghov zlwk khwhurjhqhrxv zrunhuv/ vhh iru h{dpsoh Vklphu dqg Vplwk ^5333`/ Exughww
dqg Frohv ^4<<:`/ dqg Ox dqg PfDihh ^4<<9`1 Krzhyhu/ wkhuh lv d fhuwdlq fdyhdw lq wkdw
olwhudwxuh/ uhjduglqj wkh rxw0ri0vwhdg|0vwdwh dgmxvwphqw g|qdplfv1 Dw wkh vdph wlph wkhuh
duh uhdo0olih frqwh{wv/ lq zklfk zkdw kdsshqv gxulqj wklv dgmxvwphqw lv h{wuhpho| lpsruwdqw1
Wklv sdshu sursrvhv d g|qdplf wkhru| ri dgmxvwphqw ri oderu irufh wr d vkrfn wkdw pdnhv
￿L ehqhwwhg iurp vxjjhvwlrqv dqg dgylvh ri Gdurq Dfhprjox/ Deklmlw Edqhumhh/ Rolylhu Eodqfkdug/
Plfkdho Nuhphu/ dqg Vhqgklo Pxoodlqdwkdq/ wr zkrp L dp h{suhvvlqj p| vlqfhuh judwlwxgh1 L wkdqn Mùuq0
Vwhhq Slvfknh iru doorzlqj ph dffhvv wr wkh JVRHS gdwd1
|h0pdlo= gxshoCplw1hgx
4h{lvwlqj kxpdq fdslwdo vwrfn revrohwh/ dqg uhodwhv wklv wkhru| wr wkh uhfhqw ghyhorsphqwv lq
iruphuo|0sodqqhg hfrqrplhv1
Dw wkh hqg ri wkh hljkwlhv/ d qxpehu ri Fhqwudo dqg Hdvwhuq Hxurshdq frxqwulhv hpedunhg
rq wudqvlwlrq iurp sodq wr pdunhw1 Wkh olehudol}dwlrq vkrfn vkrrn hyhu|wklqj= frqwudfwxdo
duudqjhphqwv dydlodeoh wr upv/ wkh vwuxfwxuh ri uhodwlyh sulfhv/ dqg surgxfwlrq whfkqrorjlhv/
wkhuhe| gudpdwlfdoo| dhfwlqj uhodwlyh uhzdugv wr glhuhqw vhwv ri vnloov1 Vnloov lqkhulwhg iurp
wkh vrfldolvw hud zhuh qrw sduwlfxoduo| dwwxqhg wr wkh qhhgv ri pdunhw hfrqrp| dqg vr kdyh
ehhq udslgo| ghydoxlqj1 Dqrwkhu vdolhqw sdwwhuq ri wkh vwrfn ri kxpdq fdslwdo zdv lwv h{0
fhvvlyh vshfldol}dwlrq frpsduhg wr prvw Zhvwhuq hfrqrplhv1 Wkh Zruog Edqn Ghyhorsphqw
Uhsruw ^4<<9` grfxphqwv wkdw hgxfdwlrq v|vwhpv lq sodqqhg hfrqrplhv kdyh hpskdvl}hg
dzduhqhvv ri idfwv/ lq frqwudvw wr wkh vwuhvv rq wkh xvh ri nqrzohgjh lq xqdqwlflsdwhg flu0
fxpvwdqfhv lq pdunhw hfrqrplhv1 Iru h{dpsoh/ lq Srodqg/ vhfrqgdu| whfkqlfdo vfkrrov kdg
vhsdudwh fxuulfxod iru 633 glhuhqw rffxsdwlrqv/ frpsduhg wr 49 eurdg dssuhqwlfhvkls sur0
judpv lq Zhvw Jhupdq|1 Ixuwkhupruh/ dgxow hgxfdwlrq dqg wudlqlqj lq frppdqg hfrqrplhv
zdv qhjohfwhg1 Frqvhtxhqwo|/ oderu irufh zdv fkdudfwhul}hg e| pxfk qduurzhu vshfldol}dwlrq/
dv lw frqiruphg wr ghpdqgv ri d odujho| vwdwlf surgxfwlrq vwuxfwxuh1
Wkxv/ zrunhuv zhuh h{fhvvlyho| vshfldol}hg lq zurqj wklqjv1 Wkh h{shfwdwlrq zdv wkdw
ryhu wlph wkh vwuxfwxuh ri kxpdq fdslwdo lq FHH frxqwulhv zrxog judgxdoo| frqyhujh wr
wkdw lq wkh Zhvw1 Wkh wudqvlwlrq frxog rqo| eh judgxdo ehfdxvh vnloov duh hperglhg lq
kxpdq ehlqjv dqg fdqqrw eh lqvwdqwo| xsjudghg1 Wkh txhvwlrq wkdw uhfhlyhg uhodwlyho| olwwoh
dwwhqwlrq lq wkh olwhudwxuh lv krz qhz vnloov lqwhudfw zlwk wkh rog vnloov lqkhulwhg iurp wkh
sodqqhg hfrqrp| gxulqj wkh wudqvlwlrq1
Lq wkh orqj uxq/ doo zrunhuv zloo vshfldol}h lq wkh uljkw wklqjv +h!flhqw judgh ri kxpdq
fdslwdo,1 Krzhyhu/ lq oderu pdunhwv fkdudfwhul}hg e| frvwo| prelolw| dqg vhdufk/ qhz hq0
wudqwv lqwr wkh oderu irufh duh h{ dqwh xqfhuwdlq derxw wkhlu ixwxuh pdwfkhv1 Wkh| pd| qrw
ehqhw iurp lqyhvwlqj lq wkh vhw ri qhz vshfldo vnloov/ li wkhvh vnloov duh lqfrpsdwleoh zlwk wkh
+revrohwh dqg h{fhvvlyho| vshfldol}hg, vnloov ri wkh pdmrulw| ri oderu irufh1 Lqglylgxdo0vshflf
xqfhuwdlqw| derxw wkh pdwfk fuhdwhv d shfxqldu| h{whuqdolw| wkdw glvfrxudjhv h!flhqw lq0
yhvwphqw dqg pdnhv urrp iru jhqhudo kxpdq fdslwdo1 Zrunhuv zkr duh  h{leoh hqrxjk wr eh
erwk deoh wr zrun zlwk wkh revrohwh vshfldolvwv dqg wr wdnh dgydqwdjh ri wkh qhz surgxfwlyh
whfkqltxhv/ zloo gr zhoo lq wkh vkruw uxq> wkh| zloo dovr gr uhodwlyho| zhoo zkhq wkh h!flhqw
vshfldolvwv hyhqwxdoo| dsshdu1 Khqfh/ jhqhudo kxpdq fdslwdo pd| eh pruh dwwudfwlyh dw wkh
ehjlqqlqj ri wudqvlwlrq xqwlo dw vrph srlqw wkhuh duh hqrxjk jhqhudolvwv wr pdnh vshfldol}d0
wlrq sd| r1 Wkh prphqw zkhq vshfldol}dwlrq wdnhv r lv fhqwudo wr wkh qdwxuh dqg vshhg
ri dgmxvwphqw1 Lwv wlplqj dhfwv rxwsxw jurzwk/ hyroxwlrq ri xqhpsor|phqw dfurvv jurxsv/
dqg lqhtxdolw|1
Wklv sdshu suhvhqwv d prgho lq zklfk zrunhuv pd| fkrrvh dprqj d ihz judghv ri kxpdq
fdslwdo wkdw kdyh glhuhqwldo surgxfwlylwlhv dqg duh qrw doo frpsdwleoh zlwk hdfk rwkhu1
Jlyhq d iulfwlrqdo oderu pdunhw/ h{shfwhg hduqlqjv ghshqg rq wkh ixwxuh hyroxwlrq ri wkh
djjuhjdwh vnloov glvwulexwlrq1 Wklv pdnhv kxpdq fdslwdo dftxlvlwlrq ghflvlrqv lqwhughshqghqw
dqg fkdudfwhul}hg e| lqhuwld/ dv djhqwv wdnh lqwr dffrxqw fxuuhqw dqg h{shfwhg oderu pdunhw
frqglwlrqv1 Hyroxwlrq ri wkh vnloov glvwulexwlrq lv lq wxuq ghwhuplqhg e| wkrvh dftxlvlwlrq
ghflvlrqv1
Lq wklv iudphzrun L dqdo|}h lpsolfdwlrqv ri dq djjuhjdwh vkrfn wkdw hqodujhv wkh vhw ri
5srvvleoh kxpdq fdslwdo judghv dydlodeoh wr wkh hfrqrp|1 Wr ghdo zlwk frpsoh{ dgmxvwphqw
g|qdplfv vrphzkdw qhjohfwhg e| h{lvwlqj uhvhdufk/ L lqwurgxfh qhz dqdo|wlfdo phwkrgv1 L
dqdo|}h h{solflwo| wkh vwrfkdvwlf surfhvv xqghuo|lqj oderu pdunhw wudqvlwlrqv e| vwxg|lqj lwv
jhqhudwru pdwul{1 Wklv dssurdfk doorzv ph wr ghulyh dqdo|wlfdo uhvxowv> uho|lqj vroho| rq wkh
surshuwlhv ri wkdw pdwul{ L dp deoh wr fkdudfwhul}h wkh uhohydqw srolf| wkuhvkrogv1 L wkhq
vwxg| krz wkh| ghshqg rq wkh sdudphwhuv ri wkh prgho/ dqg krz wkh| dhfw wudmhfwrulhv ri
xqhpsor|phqw/ rxwsxw shu fdslwd/ dqg zdjh lqhtxdolw|1 Dssolfdwlrq ri d whfkqltxh vlplodu
wr fdofxoxv ri yduldwlrqv doorzv ph wr fkdudfwhul}h vrfldoo| h!flhqw dgmxvwphqw sdwk dqg
frpsduh lw zlwk wkh ghfhqwudol}hg rxwfrph1
Lw lv krshg wkdw phwkrgv ghyhorshg lq wklv sdshu pd| eh irxqg xvhixo lq vxevhtxhqw
uhvhdufk rq vkruw uxq g|qdplfv/ qrw qhfhvvdulo| lq duhd ri wudqvlwlrq1
P| hfrqrplf xqlyhuvh uhvwv rq wzr dvvxpswlrqv= lpshuihfw oderu pdunhwv/ dqg wudgh0
r ehwzhhq vshfldo dqg jhqhudo kxpdq fdslwdo gxh wr glhuhqwldo frpsohphqwdulwlhv dfurvv
vnloo w|shv1 Wkh h{whqw ri vshfldol}dwlrq lq sodqqhg hfrqrplhv ri Fhqwudo dqg Hdvwhuq Hx0
ursh sulru wr wudqvlwlrq/ xqghyhorshg oderu pdunhw lqiudvwuxfwxuh/ dqg wkh vl}h ri wkh vkrfn
wkdw wudqviruphg wkh vwuxfwxuh ri uhodwlyh uhzdugv/ pdnh wkrvh frxqwulhv dq lghdo whvwlqj
jurxqg iru p| wkhru| ri dgmxvwphqw1 Phwd0hylghqfh rq zdjhv dqg xqhpsor|phqw lqflghqfh
ri zrunhuv zlwk jhqhudo dqg yrfdwlrqdo vhfrqgdu| hgxfdwlrq dsshduv wr eh frqvlvwhqw zlwk
p| prgho1 Hdvw Jhupdq| pdnhv iru d srodu fdvh ri d wrwdoo| glhuhqw hyroxwlrq ri zdjh
glhuhqfhv1 L vkrz krz Jhupdq xqlfdwlrq ri 4<<4 pd| kdyh dowhuhg wudgh0rv idfhg e|
zrunhuv frpsduhg wr rwkhu FHH frxqwulhv/ dqg ohg wr pxfk kljkhu wudqvlwru| rxwsxw ghfolqh
dqg odujhu xqhpsor|phqw +zklfk duh kdug wr dffrxqw zlwk h{lvwlqj wkhrulhv ri wudqvlwlrq,1
P| prgho pd| dovr eh khosixo iru xqghuvwdqglqj wkh uroh ri  h{lelolw| dqg vshfldol}dwlrq
lq jhqhulf fkdqjlqj hqylurqphqwv/ zlwk ohvvrqv iru jurzwk dqg ghyhorsphqw hfrqrplfv1
Jhqhdorjlfdoo|/ p| sdshu lv uhodwhg wr wkuhh duhdv ri uhvhdufk= htxloleuld lq hfrqrplhv zlwk
khwhurjhqhrxv zrunhuv/ frpsohphqwdulwlhv dfurvv zrunhuv/ dqg lpsolfdwlrqv iru vruwlqj dqg
lqhtxdolw| ^Vklphu dqg Vplwk/ 5333> Exughww dqg Frohv/ 4<<:> Ox dqg PfDihh/ 4<<9> Nuhphu
dqg Pdvnlq/ 4<<9> Nuhphu/ 4<<6`/ uhvhdufk rq glhuhqwldo surgxfwlylwlhv dqg hqgrjhqrxv mre
fuhdwlrq lq vhdufk iudphzrun ^Dfhprjox/ 4<<9d> Vdlqw0Sdxo/ 4<<9`/ dqg dqdo|vlv ri uhdoorfd0
wlrq g|qdplfv ^Djklrq dqg Eodqfkdug/ 4<<7> Fdedoohur dqg Kdpprxu/ 4<<9> Fdvwdqkhlud dqg
Urodqg/ 4<<:> Eul{lryd dqg Ol/ 4<<;`1 Vklphu dqg Vplwk ^5333`/ Exughww dqg Frohv ^4<<:`/
dqg Ox dqg PfDihh ^4<<9` h{hpsoli| d jurzlqj erg| ri olwhudwxuh dqdo|}lqj vwhdg| vwdwhv
lq d ulfk fodvv ri vhdufk prghov zlwk khwhurjhqhrxv djhqwv/ zlwk lpsolfdwlrqv iru vruwlqj1
Nuhphu ^4<<6` dqg Nuhphu dqg Pdvnlq ^4<<9` dgguhvv vlplodu txhvwlrqv lq vwdwlf Zdoudvldq
iudphzrun/ zkhuh surgxfwlrq whfkqrorj| lv fkdudfwhul}hg e| frpsohphqwdulwlhv dqg glhu0
hqwldo vhqvlwlylwlhv ri rxwsxw wr zrunhuv zlwk glhuhqw surgxfwlylwlhv1 Nuhphu dqg Pdvnlq
^4<<9` pdnh yhu| vwurqj dvvxpswlrqv rq ixqfwlrqdo irupv wr rewdlq sdwwhuqv ri vruwlqj e|
vnloo dqg hyroxwlrq ri dfurvv0jurxs lqhtxdolw| vlplodu wr wkrvh revhuyhg lq lqgxvwuldo frxq0
wulhv1 P| sdshu/ lq frqwudvw/ irfxvhv rq rxw0ri0vwhdg|0vwdwh g|qdplfv> lw rqo| xvhv d plqlpdo
vhw ri whfkqrorjlfdo dvvxpswlrqv> prvw ri wkh uhvxowv duh gulyhq e| wkh g|qdplf vwuxfwxuh ri
wkh prgho dqg wkh iulfwlrqdo qdwxuh ri wkh oderu pdunhw1 Dfhprjox ^4<<9d` dqg Vdlqw0Sdxo
^4<<9` dqdo|}h hqgrjhqrxv vwuxfwxuh ri mrev lq vhdufk iudphzrun zkhq oderu irufh lv khw0
hurjhqhrxv1 Wkhlu dqdo|vlv lv dovr frqqhg wr frpsdudwlyh vwdwlfv ri vwhdg| vwdwhv1 Djklrq
dqg Eodqfkdug ^4<<7` dqg Fdedoohur dqg Kdpprxu ^4<<9` dqdo|}h wkh uhdoorfdwlrq surfhvv
6lq wudqvlwlrq1 Wkh| uho| rq hlwkhu dg krf dvvxpswlrqv ru qxphulfdo dqdo|vlv wr fkdudfwhul}h
g|qdplfv ri dgmxvwphqw dqg h!flhqf| ri ghfhqwudol}hg sdwk1 P| dssurdfk lv dqdo|wlfdo/ hyhq
wkrxjk L vwxg| d kljkhu0glphqvlrqdo oderu pdunhw1
Irupdo dqdo|vlv ri wklv sdshu lv prwlydwhg e| idfwxdo hylghqfh rq vnloo revrohvfhqfh/
h{fhvvlyh vshfldol}dwlrq/ dqg lqfrpsdwlelolwlhv lq wudqvlwlrq hfrqrplhv ^Erhul/ Exugd dqg
Nùooø/ 4<<;> Eruglq/ 4<<;> Fd}hv dqg Vfdushwwd/ 4<<;> Iodqdjdq/ 4<<;> Uxwnrzvnl/ 4<<9>
Uxwnrzvnl/ 4<<;d> Uxwnrzvnl/ 4<<;e> Rud}hp dqg Yrgrslyhf/ 4<<:> Wkh Zruog Edqn Gh0
yhorsphqw Uhsruw/ 4<<9`1 Rud}hp dqg Yrgrslyhf ^4<<:`/ Iodqdjdq ^4<<;`/ dqg Uxwnrzvnl
^4<<;d`/ dprqj rwkhuv/ qg wkdw uhwxuqv wr kxpdq fdslwdo urvh udslgo| lq prvw frxqwulhv ri
wkh Fhqwudo dqg Hdvwhuq Hxursh +FHH,1 Dw wkh vdph wlph h{shulhqfh surohv kdyh  dwwhqhg
vljqlfdqwo|1 Vnloo suhpld zhuh qrw vkduhg e| doo djh jurxsv1 Erhul hw do1 ^4<<;`/ Fd}hv dqg
Vfdushwwd ^4<<;`/ Uxwnrzvnl ^4<<;e`/ dqg Rud}hp dqg Yrgrslyhf ^4<<:` grfxphqw wkdw yrfd0
wlrqdo ghjuhhv duh dvvrfldwhg zlwk kljkhu xqhpsor|phqw lqflghqfh dqg orqjhu xqhpsor|phqw
gxudwlrqv1 Eruglq ^4<<;` surylghv dqhfgrwdo hylghqfh rq lqfrpsdwlelolwlhv dprqj zrunhuv
zlwk glhuhqw edfnjurxqgv/ lq sduwlfxodu/ lq iruhljq0pdqdjhg upv1
Krzhyhu/ qrqh ri wkh h{lvwlqj hpslulfdo vwxglhv h{soruh v|vwhpdwlfdoo| wkh glhuhqfhv
dqg fkdqjhv lq oderu pdunhw survshfwv ri zrunhuv zlwk jhqhudo dqg vshfldo vnloov1 P| prgho
surylghv d iudphzrun wr dqdo|}h wkhvh txhvwlrqv lq d vwuxfwxuhg zd|1
Djjuhjdwh hylghqfh vxjjhvwv wkdw Hdvw Jhupdq| kdv d yhu| glhuhqw sdwwhuq ri wudqvlwlrq
wkdq wkh rwkhu FHH frxqwulhv1 Kljkhu wudqvlwru| xqhpsor|phqw dqg odujhu rxwsxw pryh0
phqwv lq wklv frxqwu| vhhp wr eh frqvlvwhqw zlwk wkh suhglfwlrqv ri p| prgho1 L hvwlpdwh
uhwxuqv wr glhuhqw w|shv ri vfkrrolqj iru |rxqj Jhupdq zrunhuv dqg lqghhg qg vljqlfdqw
jurzwk lq yrfdwlrqdo suhplxp ryhu 4<<504<<:1 Wkh frqwudvw ehwzhhq Hdvw Jhupdq| dqg
rwkhu frxqwulhv zlwk vrfldolvw ohjdf| lv lqglfdwlyh ri wkh g|qdplf hhfwv lghqwlhg lq wklv
prgho1
Lq zkdw iroorzv/ L eulh | h{solfdwh wkh glvwlqfwlrq ehwzhhq vshfldo dqg jhqhudo kxpdq
fdslwdo lq vhfwlrq 51 Vhfwlrq 6 suhvhqwv d yhu| vlpsoh prgho wkdw lqfrusrudwhv dqg kljkoljkwv
vrph ri wkh fhqwudo ihdwxuhv ri p| dqdo|vlv1 Wkh ixoo|  hgjhg prgho dqg uhvxowv duh suhvhqwhg
lq vhfwlrq 71 Vhfwlrq 8 glvfxvvhv vrph idfwv derxw oderu pdunhwv lq wudqvlwlrq hfrqrplhv zklfk
vhhp wr eh frqvlvwhqw zlwk p| wkhru|1 Lq sduwlfxodu/ Hdvw Jhupdq h{shulhqfh dsshduv wr
eh dq h{dpsoh ri vzliw wudqvlwlrq gulyhq e| hduo| vshfldol}dwlrq1 Vhfwlrq 9 frqfoxghv e|
glvfxvvlqj srolf| lpsolfdwlrqv dqg dyhqxhv iru ixwxuh uhvhdufk1 Dsshqglfhv frqwdlq ghwdlohg
irupxodwlrq ri wkh dqdo|wlfdo iudphzrun dqg surriv ri wkh pdlq uhvxowv1
5 Vshfldolvwv dqg jhqhudolvwv
Xvxdoo| lq hfrqrplfv/ kxpdq fdslwdo lv phdvxuhg e| d vlqjoh uhdo qxpehu ghvljqhg wr
judvs wkh h{shuwlvh ri d zrunhu lq vrph vshfldo vnloov1 Rqh fdq wklqn ri dw ohdvw rqh pruh
glphqvlrq   h{lelolw| ri wkh kxpdq fdslwdo/ ru wkh eurdg delolw| ri d zrunhu ru surihvvlrqdo
wr shuirup pxowlsoh glhuhqw wdvnv/ ru zrun lq d qxpehu ri glhuhqw rujdql}dwlrqdo hqylurq0
phqwv1 Wkhuh lv d qrq0wulyldo wudgh0r idfhg e| doo wkrvh zkr uhwudlq lq wkh plggoh ri wkhlu
fduhhu dv zhoo dv e| qhz hqwudqwv lqwr wkh oderu irufh ehwzhhq wkh ghjuhh ri vshfldol}dwlrq dqg
lwv h{whqw= qduurz vshfldol}dwlrq vxevwdqwldoo| udlvhv wkh pdujlqdo surgxfwlylw| ri zrunhu lq d
vshflf wdvn/ zkloh eurdg vshfldol}dwlrq udlvhv pdujlqdo surgxfwlylw| lq pdq| glhuhqw wdvnv/
7wkrxjk qrw rq d sdu zlwk wkh h{shuwlvh ri d qduurz vshfldolvw1 Lq dq| vlqjoh wdvn gde kdqgv
rxwshuirup Mdfnv ri doo wudghv/ exw lq d iulfwlrqdo oderu pdunhw Mdfnv kdyh wkh dgydqwdjh ri
 h{lelolw|1 Wkh rqo| prgho L dp dzduh ri wkdw ghvfulehv zrunhuv frqiurqwhg zlwk wkh fkrlfh
ri jhqhudo yv1 vshflf wudlqlqj zdv suhvhqwhg lq ^Nlp/ 4<;<`/ exw lw olplwv glvfxvvlrq wr d
vwdwlf sduwldo htxloleulxp frqwh{w zlwk qr lqwhudfwlrq ri zrunhuv1
Wkhuh duh/ lq idfw/ wzr uhdvrqv zk| d vshfldol}dwlrq lq d qduurz wdvn pd| eh xqghvludeoh1
Wkhuh pd| eh shuihfw oderu pdunhwv/ exw dq djjuhjdwh xqfhuwdlqw| derxw zklfk vlqjoh vsh0
fldol}dwlrq zloo eh surwdeoh lq wkh ixwxuh1 Vlqfh lqyhvwphqw lq kxpdq fdslwdo lv luuhyhuvleoh/
ulvn0dyhuvh djhqwv pdnlqj ghflvlrqv ehiruh wkh uhvroxwlrq ri xqfhuwdlqw| zloo suhihu wr lqyhvw
voljkwo| lq d qxpehu ri vnloov/ udwkhu wkdq rqh1 Dqrwkhu uhdvrq zk| vshfldol}dwlrq pd| eh
xqghvludeoh vwuhvvhv wkh lqglylgxdo0vshflf xqfhuwdlqw| derxw d pdwfk xqghu oderu pdunhw
lpshuihfwlrqv1 Wklv lv wkh vwru| L zdqw wr whoo1
Lq wkh devhqfh ri djjuhjdwh xqfhuwdlqw|/ wkh pruh shuihfw duh wkh oderu pdunhwv/ wkh
vpdoohu lv wkh  h{lelolw| dgydqwdjh1 Lq iulfwlrqohvv pdunhwv zrunhuv pdwfk shuihfwo| zlwk
rwkhu zrunhuv dqg idfwruv1 Lw lv lq wkh lpshuihfw pdunhw hqylurqphqwv wkdw gde kdqgv kdyh
glvdgydqwdjhv1 Wkxv wkhuh duh vwurqj jurxqgv wr eholhyh wkdw lq wudqvlwlrq hfrqrplhv/ zkhuh
olplwhg oderu prelolw|/ kljk ghjuhh ri vhjphqwdwlrq/ dqg xqghyhorshg lqiudvwuxfwxuh duh
fhqwudo ihdwxuhv/ wkh vshfldol}dwlrq wudgh0r vkrxog dvvxph sulpdu| lpsruwdqfh1
6 D vlpsoh p|rslf prgho ri kxpdq fdslwdo dgmxvwphqw
Ehiruh suhvhqwlqj d ixoo0 hgjhg UH prgho/ lq rughu wr exlog lqwxlwlrq dqg lqwurgxfh wkh
uhohydqw wudgh0r/ L suhvhqw dq h{wuhpho| vlpsolvwlf p|rslf prgho ri djjuhjdwh kxpdq fdslwdo
dgmxvwphqw1 Vhfwlrq 7 zloo vrrq fruuhfw iru doo ghyldwlrqv iurp udwlrqdolw| dqg uhdolvp wklv
vhfwlrq pdnhv1
Wkhuh duh wkuhh srwhqwldo w|shv ri zrunhuv/  ' c2c Lqlwldoo| wkh hqwluh srsxodwlrq
frqvlvwv ri w|sh 4 zrunhuv1 W|sh 4 duh zrunhuv kljko| vnloohg lq revrohwh whfkqltxh41W | s h6
duh wkrvh kljko| vshfldol}hg lq qhz whfkqltxh1 W|sh 5 duh wkh Mdfnv ri doo wudghv1 Zrunhuv
fdq rqo| surgxfh rxwsxw lq sdluv1 Wkh rxwsxw ri d sdlulqj ri zrunhuv  dqg  lv jlyhq e| +￿￿￿
L pdnh wkh iroorzlqj dvvxpswlrqv derxw uhodwlyh surgxfwlylwlhv ri ydulrxv pdwfkhv=
prqrwrqlflw|5= +￿￿ 	+ ￿￿ 	+ ￿2 	+ 22 	+ 2￿ 	+ ￿￿c
dqg
lqfuhdvlqj uhwxuqv wr vshfldol}dwlrq +￿￿  +2￿ :+ 2￿  +22
Zrunhuv duh ulvn0qhxwudo dqg lqqlwho|0olyhg1 Wlph lv glvfuhwh1 D sursruwlrq 4 ri doo
zrunhuv/ gudzq udqgrpo| dqg xqlirupo| lq hdfk shulrg/ jhw d fkdqfh wr uhwudlq/ l1h1 fkdqjh
wkhlu w|sh duelwudulo|1 Wkh sursruwlrqv ri w|shv lq oderu irufh duh ghqrwhg e| R￿
Zrunhuv qg d sduwqhu dw wkh ehjlqqlqj ri d shulrg/ surgxfh rxwsxw/ dqg sduw dw wkh
hqg/ zlwkrxw wdnlqj hdfk rwkhu*v hpdlo dgguhvv1 Wkhuhiruh/ wkh| hqjdjh lq vhdufk ri d qhz
4L xvh wkh zrug whfkqltxh lqvwhdg ri whfkqrorj| wr vwuhvv wkdw qrw rqo| whfkqrorjlfdo vkrfn fdq pdnh
vnloov revrohwh1 Qhz irupv ri frqwudfwv ehfrplqj dydlodeoh ru fkdqjhv lq uhodwlyh sulfhv ri jrrgv duh rwkhu
h{dpsohv ri vxfk d vkrfn1 Wkh zrug whfkqltxh lq wklv frqwh{w vlpso| uhihuv wr wkh ehvw dydlodeoh zd| wr
surgxfh ydoxh1
5Wkh uhvxowv vwloo krog xqghu zhdnhu dvvxpswlrq |44 ?| 46 ?| 45 1
8sduwqhu hdfk shulrg1 L dvvxph wkdw wkh vhdufk lv lqqlwho| h!flhqw lq wkh vhqvh wkdw hyhu|rqh
jhwv d sduwqhu/ zkrvh lghqwlw|/ krzhyhu/ lv udqgrpo| gudzq iurp wkh srro ri doo zrunhuv1 Lq
wklv vhqvh/ pdwfklqj lv udqgrp1
L ghqrwh e| ￿￿ w k hz d j hs d l gw r lq d pdwfk Ec1 Lq zkdw iroorzv L zloo dvvxph iru
vlpsolflw| wkdw d sdlu ri zrunhuv vlpso| vsolw wkhlu rxwsxw hyhqo|=
￿￿ ' ￿￿ ' +￿￿*2
Wr sxw wkh lpsolfdwlrqv ri wkh glhuhqwldo frpsohphqwdulw| dvvxpswlrqv lq vwdun oljkw/ L
fkrrvh wkh vlpsohvw zd| srvvleoh wr ghvfuleh wkh lqwhuwhpsrudo ghflvlrq0pdnlqj1 L dvvxph
wkdw zrunhuv pdnh fkrlfhv edvhg hqwluho| rq frqwhpsrudqhrxv frvwv dqg ehqhwv1
Lq hdfk shulrg zrunhuv zkr jhw uhwudlqlqj rssruwxqlw|/ frpsduh wkh h{shfwhg zdjhv wkh|
zrxog uhdol}h zlwk hdfk vhw ri vnloov1 W|sh  h{shfwv wr hduq wkh dprxqw 7 ￿ '
S￿
￿’￿ R￿￿￿
Lw lv reylrxv wkdw qr rqh zrxog hyhu fkrrvh wr rewdlq w|sh 4 wudlqlqj/ ehfdxvh lw lv vwulfwo|
grplqdwhg e| xsjudglqj wr w|sh 5=
￿ [
￿’￿
R￿ E2￿  ￿￿ : f ehfdxvh 2￿ : ￿￿;
Zkdw derxw jhwwlqj wkh qhz vshfldol}hg vnloov +w|sh 6,B Lqlwldoo|/ R￿ Ef ' c 7 ￿m|’f '
￿￿ 	 2￿ '7 2m|’f  Vr/ wkh zrunhuv zloo qrw fkrrvh w|sh 61 Wkh sursruwlrqv duh fkdqjlqj
dffruglqj wr glhuhqfh htxdwlrqv= R￿ E|'E  4R￿ E|  cR 2 E|'R2 E|  n4R￿ E|  
Zkdw kdsshqv zkhq w|sh 5 zrunhuv srsxodwh wkh pdunhw/ R2  B 7 ￿ ' ￿2 : 22 '7 2
Vr/ zkhq pdunhw jhwv grplqdwhg e| jhqhudolvwv/ w|sh 6 ehfrphv wkh w|sh ri fkrlfh1 E|
frqwlqxlw|/ wkhuh h{lvwv wlph rf zkhq lw uvw ehfrphv dwwudfwlyh wr vshfldol}h=
7 ￿ Erf'R￿ Erf￿￿ n R2 Erf￿2  R￿ Erf2￿ n R2 Erf22 '7 2 Erfc
7 ￿ Erf   	 7 2 Erf  
Wkhuh duh iroorzlqj ohvvrqv iurp wkh vlpsoh prgho=
41 Dorqj wkh sdwk wr wkh orqj uxq vwhdg| vwdwh/ wkh hfrqrp| uvw dffxpxodwhv dqg wkhq
ghfxpxodwhv d exhu vwrfn ri zrunhuv zlwk eulgjlqj kxpdq fdslwdo/ zklfk lv frp0
sdwleoh zlwk erwk rog dqg qhz vshfldol}hg vnloov1
51 Li wkh lqyhvwphqw lq jhqhudo vnloov lv lpsrvvleoh/ wkh hfrqrp| pd| qhyhu hpedun rq
dgmxvwphqw1
61 Wkhuh lv dq lqyhuvh X0vkdshg sdwk ri lqfrph lqhtxdolw| lq wudqvlwlrq> lqhtxdolw| whp0
srudulo| ulvhv erwk dfurvv dqg zlwklq jurxsv1
7 D udwlrqdo h{shfwdwlrqv prgho ri kxpdq fdslwdo dg0
mxvwphqw
714 Dvvxpswlrqv ri wkh prgho
Khuh L dgg pruh uhdolvp wr wkh vlpsoh prgho ri wkh suhfhglqj vhfwlrq e| doorzlqj iru
xqhpsor|phqw dqg mre vhdufk/ dv zhoo dv hqgrjhqrxv pdwfklqj ghflvlrqv1 Lw lv d yduldwlrq
9rq wkh mre0vhdufk prghov1 Wkh fodvvlf wuhdwphqw ri wkhvh prghov lv frqwdlqhg lq ^Slvvdulghv/
4<<3`1 Krzhyhu/ lq rughu wr pdnh prgho wudfwdeoh/ L qhhg wkh vdph pdmru vlpsolfdwlrq dv
lq vhfwlrq 6= dedqgrqphqw ri wkh upv* vlgh dowrjhwkhu61 Wkhuh zloo eh qhlwkhu upv/ qru
ydfdqflhv lq wkh prgho1 Wkh zrunhuv pdwfk dprqj wkhpvhoyhv gluhfwo|1
Wkhuh duh wzr dowhuqdwlyh lqwhusuhwdwlrqv ri wkh prgho zlwk vpdoo yduldwlrqv lq wkh dv0
vxpswlrqv1 Wkh pdlq lqwhusuhwdwlrq krogv wkdw zrunhuv duh lqqlwho|0olyhg1 Iurp wlph wr
wlph/ dw udwh 4c wkh| jhw d fkdqfh wr xsgdwh wkhlu vnloov1 Dq dowhuqdwlyh lqwhusuhwdwlrq lv wkdw
zrunhuv uhwluh dw udwh 4c dqg duh lpphgldwho| uhsodfhg lq wkh oderu irufh e| wkhlu rvsulqj1
Zklfk yhuvlrq lv dgrswhg pdnhv qr glhuhqfh iru irupdo uhvxowv/ krzhyhu/ wkh lqwhusuhwd0
wlrq ri uhvxowv dqg wkhlu lpsolfdwlrqv glhu dffruglqjo|1 L fdoo wkh iruphu wkh lqqlwh olih
lqwhusuhwdwlrq/ dqg wkh odwwhu wkh uhwluhphqw lqwhusuhwdwlrq1
71414 Sd|rv
Wkh prgho lv lq frqwlqxrxv wlph1 Wkh surgxfwlrq vlgh +rxwsxwv dqg zdjhv lq sdluv
Ec, lv wkh vdph dv lq vhfwlrq 6/ exw L qrz doorz iru d srvvlelolw| ri xqhpsor|phqw1 Ohw 5
ghqrwh wkh  rz uhwxuq wr xqhpsor|hg djhqwv1 Dw wklv srlqw/ L gr qrw vshfli| zkhuh lw frphv
iurp +xwlolw| ri ohlvxuh/ xqhpsor|phqw ehqhwv/ krph surgxfwlrq,1 Wklv zloo ehfrph pruh
lpsruwdqw zkhq glvfxvvlqj h!flhqf| lvvxhv1 L dvvxph wkdw 5 lv d frqvwdqw1
Wkh zdjh0vhwwlqj lv dv lq vhfwlrq 6=
Dvvxpswlrq 41
￿￿ ' ￿￿ ' +￿￿*2c +4,
Wklv vshflfdwlrq pd| orrn wrr uljlg/ exw wkhuh pd| eh pdq| srwhqwldo uhdvrqv zk|
zdjhv duh lq h{leoh/ iru h{dpsoh/ vrflrorjlfdo uhdvrqv ^Ehzoh|/ 4<<8> Ehzoh|/ 4<<;`/ ru h!0
flhqf| zdjhv frqvlghudwlrqv1 L fkrvh wklv dvvxpswlrq/ udwkhu wkdq Qdvk edujdlqlqj vroxwlrq/
riwhq xvhg lq mre vhdufk prghov/ ehfdxvh lw hqvxuhv wkdw uhvxowv duh qrw gulyhq e| shfxoldulwlhv
ri wkh odwwhu1 L pdnh uhpdunv derxw lpsolfdwlrqv ri dowhuqdwlyh zdjh vhwwlqj vshflfdwlrqv
odwhu lq wkh sdshu1 Lq idfw/ dq| zdjh0vhwwlqj surfhgxuh wkdw grhv qrw frpsohwho| lqvxodwh
vrph zrunhuv iurp wkh dgyhuvlwlhv ri udqgrp sdlulqj/ zrxog jlyh ulvh wr txdolwdwlyho| vlplodu
uhvxowv1 Zkdw lv dovr lpsruwdqw/ dvvxpswlrq 4 pdnhv zdjh yhfwru frqvwdqw/ zklfk frqvlghu0
deo| vlpsolhv wkh dqdo|vlv1
Zrunhuv* xwlolw| lv olqhdu lq frqvxpswlrq1
71415 Iorzv lq dqg rxw ri xqhpsor|phqw
Dw d prphqw lq wlph/ d zrunhu  fdq eh zrunlqj lq d sdlu zlwk w|sh c ru eh xqhpsor|hg
dqg vhdufklqj iru d pdwfk1 L ghqrwh wkh xqhpsor|phqw vwdwh Ecfc vr wkhuh duh qrz irxu
srvvleoh hpsor|phqw vwdwhv Ecc Ec2c EccEcf
Wkhuh duh iroorzlqj  rzv ehwzhhq wkh hpsor|phqw vwdwhv1 Zkhq dq djhqw lv xqhpsor|hg/
lq hyhu| shulrg d srwhqwldo pdwfk zlwk dqrwkhu xqhpsor|hg zrunhu duulyhv dw udwh7 61H t x l y 0
6L zrunhg rxw ghvfulswlrq ri prgho g|qdplfv zlwk upv lq ^Vdu|fkhy/ 4<<<`1
7Qrwh wkdw lq rxu frqwh{w p lv d pdwfklqj frqvwdqw dqdorjrxv wr wkh pdwfklqj ixqfwlrq ri mre0ydfdqf|
prghov1 Wklv kdsshqv ehfdxvh zrunhuv pdwfk dprqj wkhpvhoyhv> wkh sursruwlrq ri sdluv fuhdwhg lv d jhqhudo
ixqfwlrq p+X,= Dvvxplqj wkdw wklv uhodwlrqvkls lv krprwkhwlf ri ghjuhh 4/ zh rewdlq p+X,@Xp+4, @ Xp=
:dohqwo|/ wklv phdqv wkdw zdlwlqj wlph ehiruh qglqj d pdwfk lq wkh xqhpsor|phqw srro lv
glvwulexwhg h{srqhqwldoo| zlwk sdudphwhu 6 Wkh w|sh ri wkh pdwfk lv dovr udqgrp zlwk
suredelolw| ri pdwfklqj zlwk w|sh  htxdo wr wkhlu sursruwlrq lq wkh hqwluh xqhpsor|phqw
srro=
Dvvxpswlrq 51 Pdwfklqj lq wkh oderu pdunhw lv frpsohwho| udqgrp1
L pdnh uhpdunv derxw uhod{dwlrq ri wklv dvvxpswlrq lq vxevhfwlrq 71:161 Dq dgglwlrqdo
prwlydwlrq iru wklv dvvxpswlrq lq wkh uhwluhphqw lqwhusuhwdwlrq lv wkdw wkhuh lv lpshuihfw
vxevwlwxwdelolw| ehwzhhq |rxqj zrunhuv dqg rog zrunhuv dv lq ^Nuhphu dqg Wkrpvrq/ 4<<;`/
vr djhqwv fdqqrw vruw e| djh1
Ghqrwlqj L￿ E| wkh qxpehu ri xqhpsor|hg w|sh  zrunhuv dw wlph |/z hf r p s x w hw k h
wrwdo xqhpsor|phqw dv L E|'
S￿
￿’￿ L￿ E| dqg ghqh wkh sursruwlrqv ^￿ E|'L￿*L Lq
zkdw iroorzv L zloo rplw wkh wlph lqgh{ iru prvw wlph0ydu|lqj yduldeohv zkhq lw lv vdih wr gr
vr1 Vxppdul}lqj wkh glvfxvvlrq/ wkh pdwfklqj udwhv duh wkhuhiruh 6^￿c6^ 2c6^ ￿ Li qr pdwfk
kdv duulyhg/ zrunhu uhpdlqv lq wkh xqhpsor|phqw srro1
Zrunlqj uhodwlrqvklsv glvvroyh iru h{rjhqrxv uhdvrqv dw d udwh Bc xsrq zklfk zrunhuv qg
wkhpvhoyhv lq wkh xqhpsor|phqw srro1
71416 Fkrlfh yduldeohv
Vr idu zkdw kdsshqv lv frpsohwho| rxw ri djhqwv* frqwuro1 Ohw xv qrz wxuq wr wudlqlqj
dqg uhwluhphqw1 Dv phqwlrqhg hduolhu/ wkhuh duh wzr lqwhusuhwdwlrqv ri wkh prgho1 Lq wkh
lqqlwh olih lqwhusuhwdwlrq/ rqfh lq d zkloh zkhq xqhpsor|hg/ dw udwh 4c zrunhu jhwv dq
rssruwxqlw| wr uhwudlq/ wkdw lv wr fkdqjh rzq w|sh duelwudulo| +ru fkrrvh wr uhpdlq wkh vdph
w|sh,1 Wkh prgho pd| eh htxlydohqwo| uhirupxodwhg wr kdyh g|qdvwlhv ri djhqwv1 Lq wklv
uhwluhphqw lqwhusuhwdwlrq/ w|sh ri djhqw lv fkrvhq rqfh dqg iru doo dw wkh ehjlqqlqj ri
khu2klv fduhhu> 4 lv wkh uhwluhphqw udwh1 Xsrq uhwluhphqw ri dq dgxow zrunhu/ rvsulqj ri wkh
uhwluhg shuvrq hqwhuv wkh oderu pdunhw1 Wr dyrlg h{fhvvlyh vwuhvv rq uh lq uhwudlqlqj/ L zloo
xvh wkh ohvv vshflf whup wudlqlqj ehorz1 Wudlqlqj lv lqvwdqwdqhrxv dqg frvwohvv8> iroorzlqj
lw/ wkh zrunhu wudqvlwv wr wkh uhvshfwlyh xqhpsor|phqw srro1
Lq frqwudvw wr wkh prgho ri vhfwlrq 6/ zkhuh zrunhuv dozd|v kdg vrph pdwfk dqg ixwxuh
zdv luuhohydqw iru zdjh ghflvlrqv/ khuh wkrvh zkr iru dq| uhdvrq euhdn zlwk wkhlu sduwqhu zloo
dqwlflsdwh d srvlwlyh zdlwlqj wlph xqwlo wkh| qg dqrwkhu pdwfk1 Lq d pdunhw zlwk iulfwlrqv/
wkhuh lv dozd|v d srvlwlyh rswlrq ydoxh ri suhvhuylqj d pdwfk1 Hyhq wkrxjk dvvxpswlrq
+4, pdnhv frpshqvdwlrq ri doo zrunhuv lqghshqghqw ri wkhlu uhvhuydwlrq xwlolw|/ lw lv qrw lq
ylrodwlrq ri lqglylgxdo udwlrqdolw| frqvwudlqwv1 Wkh prgho doorzv iru yroxqwdu| glvvroxwlrq
ri d pdwfk li rqh zrunhu*v ydoxh ri vwd|lqj idoov ehorz khu2klv uhvhuydwlrq xwlolw| +h{shfwhg
xwlolw| zkhq xqhpsor|hg,1 Djhqwv wkxv kdyh dq dgglwlrqdo vhw ri fkrlfh yduldeohv ￿￿ ￿￿ lv d
elqdu| yduldeoh lqglfdwlqj d srvlwlyh ghflvlrq ri w|sh  wr zrun zlwk w|sh  Li ￿￿ ' / zrunhu
ri w|sh  djuhhv wr vwd| lq surgxfwlyh sduwqhuvkls zlwk w|sh  zrunhu1 Li ￿￿ 'f c zh vd|
wkdw w|sh  ghflghv qrw wr pdwfk zlwk  +ghfuhdvlqj/ reylrxvo|/ rqh*v suredelolw| ri qglqj d
pdwfk,1 L dvvxph wkdw zkhq d w|sh  zrunhu fkdqjhv rqh*v ￿￿ zkloh hpsor|hg zlwk w|sh c
vkh2kh wudqvlwv lqwr wkh xqhpsor|phqw vwdwh lqvwdqwo| dw zloo1
8L uhod{ wkh dvvxpswlrq ri iuhh wudlqlqj lq vhfwlrq 71:141
;71417 Rwkhu qrwdwlrq dqg Ehoopdq htxdwlrqv
Wkh dgglwlrqdo qrwdwlrq lv dv iroorzv= T￿￿ Er lv wkh h{shfwhg glvfrxqwhg xwlolw| ri w|sh 
zrunlqj zlwk w|sh  +ru xqhpsor|hg li  'f dw wlph r1
Lq wkh vhdufk olwhudwxuh Ehoopdq*v g|qdplf surjudpplqj dssurdfk sod|v d surplqhqw
uroh1 Zkloh lwv xvhixoqhvv lv vrphzkdw olplwhg iru p| dqdo|vlv/ L irupxodwh wkh Ehoopdq dvvhw
ydoxh htxdwlrqv wr idflolwdwh frpsdulvrqv zlwk wkdw olwhudwxuh1 L suhvhqw wkhvh htxdwlrqv iru
wkh lqqlwh olih lqwhusuhwdwlrq=
oT￿￿ ' ￿￿ n B ET￿f  T￿￿n  T￿￿c;c : f +5,
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Lq idfw/ wkh uhwluhphqw lqwhusuhwdwlrq lv pruh h{shqvlyh lq whupv ri qrwdwlrq/ ehfdxvh lw
pxvw nhhs wudfn ri irxu pruh vwdwh yduldeohv +qxpehu ri doo sdluv Ec dprqj wkh hpsor|hg,1
L gr qrw zulwh wkh Ehoopdq htxdwlrqv iru wklv lqwhusuhwdwlrq khuh1 Ghvslwh olwwoh yduldwlrqv lq
dvvxpswlrqv/ irupdo uhvxowv krog xqghu hlwkhu lqwhusuhwdwlrq ri wkh prgho1
Wkh frqvwuxfwlrq ri wkh prgho lq whupv ri wudqvlwlrq suredelolwlhv lv ghyhorshg lq dsshqgl{
D1
715 Lqirupdo ghvfulswlrq ri wkh dgmxvwphqw sdwk
Prvw frqwulexwlrqv wr vhdufk olwhudwxuh duh olplwhg wr wkh dqdo|vlv ri vwhdg| vwdwhv1 Lq
frqwudvw/ p| irfxv lv rq wkh dgmxvwphqw g|qdplfv1 Fkdudfwhul}lqj wkh vwhdg| vwdwh lq p|
prgho lv wulyldo1 Lq wkh orqj uxq doo wkh zrunhuv zloo eh ri w|sh 61 Wkh xqhpsor|phqw udwh lv
frpsxwhg lq d vwudljkwiruzdug idvklrq iurp wkh frqglwlrq rq vwdelolw| ri  rzv lqwr dqg iurp
wkh xqhpsor|phqw1 Lw lv krz wkh hfrqrp| jhwv wr wkdw vwhdg| vwdwh wkdw lqwhuhvwv ph1
Ehiruh surfhhglqj zlwk irupdo dqdo|vlv/ L ghvfuleh lqirupdoo| wkh htxloleulxp g|qdplfv1
L dp lqwhuhvwhg lq d udwlrqdo h{shfwdwlrqv sdwk1 Wkdw phdqv wkdw doo djhqwv fruuhfwo| dqwlf0
lsdwh wkh hyroxwlrq ri hfrqrp| djjuhjdwhv1 Lq idfw/ zkloh wkh lqglylgxdo wudqvlwlrqv ehwzhhq
hpsor|phqw vwdwhv duh udqgrp/ wkh djjuhjdwh g|qdplfv duh ghwhuplqlvwlf li doo djhqwv sod|
ghwhuplqlvwlf vwudwhjlhv1 Dw wkh ehjlqqlqj ri wkh wlph doo djhqwv duh ri w|sh 41 Lqlwldoo|/ wkhuh
lv ixoo hpsor|phqw 91 Wkhuh frphv d vxgghq vkrfn wkdw pdnhv dydlodeoh d qhz surgxfwlrq
whfkqltxh1 Iru hyhu| djhqw idfhg zlwk d ghflvlrq wr uhwudlq wkhuh lv qr grxew wkdw fkrrvlqj
9Wklv dvvxpswlrq lv pruh lq olqh zlwk wkh wudqvlwlrq vwru|/ zkhuh wkh ixoo hpsor|phqw zdv srolwlfdoo|
hqirufhg1 Ohwwlqj wkh xqhpsor|phqw dw wlph 3 wr kryhu derxw vrph qdwxudo udwh grhv qrw fkdqjh wkh
txdolwdwlyh suhglfwlrqv1
<Iljxuh 4=
w|sh 5 lv ehwwhu wkdq uhpdlqlqj w|sh 4 +w|sh 6 pljkw eh hyhq pruh dwwudfwlyh iru vrph sd0
udphwhu ydoxhv/ exw L uxoh rxw wklv srvvlelolw| xqwlo odwhu,1 Wklv lv vr ehfdxvh w|sh 5 zrunhuv
duh uhzdughg zlwk 2￿ : ￿￿ zkhq pdwfkhg zlwk d w|sh 4 zrunhu/ dqg zlwk 22 : ￿2 zlwk
d w|sh 5 zrunhu/ zkloh suredelolwlhv ri qglqj hlwkhu w|sh ri pdwfk duh wkh vdph iru w|sh 4
dqg w|sh 5 zrunhu1 Wkxv lq wkh vkruw uxq ehlqj w|sh 5 zrunhu lv vwulfwo| vxshulru +wklv zloo
rqo| vwuhqjwkhq zlwk wlph zkhq wkh srvvlelolw| ri oderu pdunhw lvrodwlrq iru w|sh 4*v dulvhv,1
Wkhuhiruh/ hyhu|rqh zkr jhwv d fkdqfh/ wudqvlwv wkurxjk wudlqlqj lqwr wkh xqhpsor|phqw srro
ri w|sh 5 zrunhuv Zk| fkrrvlqj w|sh 6 pljkw lqlwldoo| eh d edg lghdB Ehfdxvh +vlploduo| wr
wkh prgho lq vhfwlrq 6, lq sdluv zlwk revrohwh vshfldolvwv/ wkh prghuq vshfldolvwv +w|sh 6, duh
pdnlqj rqo| d phdjhu ￿￿ ' +￿￿*2 	+ ￿￿*2'￿￿ Lqlwldoo|/ wkh oderu pdunhw lv grplqdwhg
e| wkh revrohwh vshfldolvwv/ dqg wkhuhiruh hduqlqj survshfwv ri w|sh 6*v duh phglrfuh1 Wkh|
zloo lpsuryh/ krzhyhu/ dv wkh suhvhqfh ri w|sh 5 zrunhuv lq wkh pdunhw lv lqfuhdvlqj1 Vxssrvh
dq djhqw zkr jrhv wkurxjk wudlqlqj dw wlph rfc ghflghv wr ehfrph w|sh 61 Dw doo odwhu wlphv/
e| prqrwrqlflw|/ doo djhqwv lq wudlqlqj pxvw fkrrvh w|sh 6 dovr/ ehfdxvh li dq|wklqj/ wkh
oderu pdunhw survshfwv iru w|sh 6 kdyh lpsuryhg frpsduhg wr wlph rf Wkxv wkhuh zloo eh d
glvwlqfw wkuhvkrog prphqw rq wkh htxloleulxp sdwk/ dw zklfk wkh iruwxqhv ri w|sh 5 dqg 6
zrunhuv  ls1 Rqo| diwhu wkdw prphqw wkh wudqvlwlrq wuxo| jdlqv prphqwxp1
Wklqjv gr qrw jr vprrwko| rq wkh urdg wr survshulw|1 Dv wkhlu pdunhw suhvhqfh jurzv/
jhqhudolvwv pd| qg wkdw zrunlqj zlwk w|sh 4v lv qr orqjhu suhihudeoh wr ehlqj xqhpsor|hg1
Wkh rssruwxqlw| frvw ri zrunlqj lq d sdlu zlwk w|sh 4 lv wkh irujrqh survshfw ri pdnlqj d
ehwwhu pdwfk/ wkh survshfw wkdw jurzv ryhu wlph1 Dw vrph srlqw w|sh 4 zrunhuv fdq rqo|
pdwfk zlwklq wkhlu rzq frqvwdqwo| vkulqnlqj srro1
W|sh 6v pd| odwhu ehfrph vlploduo| uhoxfwdqw wkhpvhoyhv wr pdwfk zlwk w|sh 5 zrunhuv1
Dorqj wkh dgmxvwphqw sdwk/ wkhuh lv dq deqrupdoo| kljk xqhpsor|phqw +vhh Iljxuh 4,/
gxh wr wkh idfw wkdw vrph w|shv gr qrw pdwfk1 E| dyrlglqj d vxevhw ri survshfwlyh frzrunhuv/
wkrvh w|shv lqfuhdvh wkhlu dyhudjh zdlwlqj wlph1
Pruhryhu/ wkhuh lv d ulvh lq orqj0whup xqhpsor|phqw/ zkhq revrohwh vshfldolvwv ehfrph
43Iljxuh 5=
lvrodwhg +vhh Iljxuh 5,1 Gxh wr wkh yhu| vpdoo hhfwlyh srro ri survshfwlyh sduwqhuv/ wkhlu
rxw rz udwh wr mrev lv pxfk orzhu wkdq wkdw ri zrunhuv zlwk pruh xs0wr0gdwh vnloov1 Orqj0
whup xqhpsor|phqw jrhv grzq judgxdoo| dv kxpdq fdslwdo lv uhsodfhg 1
Lq wkh uhvw ri wklv vhfwlrq L zloo vwxg| wkh g|qdplfv ri dgmxvwphqw wr wkh orqj0uxq vwhdg|
vwdwh1 Wr gr wkdw L dqdo|}h wkh rswlpdo ghflvlrq wkuhvkrogv/ ru vzlwfklqj wlphv1
716 Htxloleulxp wkuhvkrogv
L dqdo|}h p| prgho lq whupv ri wkuhvkrogv1 Lq wkh dgmxvwphqw frqwh{w/ L xvh wkh whup
wkuhvkrog wr ghvljqdwh prphqwv lq wlph zkhq djhqwv fkdqjh wkhlu elqdu| vwudwhjlhv uhjdug0
lqj wudlqlqj dqg pdwfklqj1 Zk| duh wkhuh wkuhvkrogvB Ehfdxvh wkh uhodwlyh dwwudfwlyhqhvv
ri rqh fkrlfh ryhu dqrwkhu lv orfdoo| prqrwrqh lq p| prgho1 Li ryhu d shulrg ri wlph drc|o
zrunhuv kdyh ehhq +rswlpdoo|, wudlqlqj dv w|sh 6/ wkhq iurp prphqw | rqzdugv doo zrunhuv
pxvw dovr fkrrvh w|sh 6/ vlqfh wkh vnloov glvwulexwlrq kdv ixuwkhu lpsuryhg gxulqj wkdw shulrg1
Wkh prvw lpsruwdqw wkuhvkrog lv wkh prphqw zkhq doo djhqwv lq wudlqlqj vwduw fkrrvlqj
w|sh 6= rf L dowhuqdwh ehwzhhq fdoolqj rf wkh vshfldol}dwlrq wkuhvkrog dqg wkh prphqw ri
vshfldol}dwlrq wdnhr1
Dsduw iurp wkh fkrlfh ri w|sh/ wkhuh duh dovr wkuhvkrogv lq wkh pdwfklqj fkrlfh ￿￿
Zrunhuv ri w|sh 5 zloo suhihu wr iruhjr d pdwfk zlwk w|sh 4 li ehlqj xqhpsor|hg dqg
vhdufklqj jlyhv wkhp kljkhu h{shfwhg xwlolw|1 rJKr lv wkh hduolhvw wlph jhqhudolvwv ghflgh
qrw wr pdwfk zlwk w|sh 4 +L fdoo wklv wkh revrohvfhqfh wkuhvkrog,/ r?e}JKr lv wkh odwhvw wlph
wkh| dyrlg pdwfkhv zlwk w|sh 4v1 Wkhvh wkuhvkrogv pd| zhoo eh }hur ru n4 Qrwlfh wkdw
r?e}JKr  n4 lq jhqhudo1 Lw pd| kdsshq wkdw diwhu d vshoo ri glvfulplqdwlqj djdlqvw w|sh
4/ zrunhuv ri w|sh 5 ghflgh wr pdwfk zlwk wkhp djdlq/ li wkhlu rzq frqglwlrq vx!flhqwo|
ghwhulrudwhv1
rre} lv wkh hduolhvw wlph w|sh 6 zrunhuv ghflgh qrw wr pdwfk zlwk w|sh 5 +L fdoo wklv wkh
vhjuhjdwlrq wkuhvkrog,
44Zkhq zrunhuv ri w|sh 4 duh dyrlghg e| w|sh 5/ L vd| wkdw wkh iruphu duh lvrodwhg lq wkh
oderu pdunhw/ ehfdxvh wkh| duh ohiw wr pdwfk rqo| dprqj wkhpvhoyhv1 Zkhq zrunhuv ri w|sh
6 sdvv w|sh 5/ L vd| wkdw wkh iruphu duh vhjuhjdwhg lq wkh oderu pdunhw1
Lq zkdw iroorzv L zloo dvvxph wkdw w|sh 6*v qhyhu pdwfk zlwk w|sh 4*v/ wr vkdushq wkh irfxv
rq wkhlu lqfrpsdwlelolwlhv/ dowkrxjk zrunlqj rxw wkh jhqhudol}dwlrq zlwk hqgrjhqrxv ￿￿ lv
vwudljkwiruzdug:1Rqh pljkw dovr dujxh wkdw srwhqwldoo| wkhuh duh rwkhu vhsdudwlrq wkuhvkrogv1
Qdpho|/ w|sh 5 zrunhu pd| ghflgh qrw wr pdwfk zlwk dq| w|sh lq rughu wr kdvwhq wkh duulydo
ri d wudlqlqj rssruwxqlw|1 L gr qrw vwxg| wkhvh rwkhu wkuhvkrogv iru hfrqrp| frqvlghudwlrqv/
dv grlqj wklv xvlqj wkh phwkrgv ghyhorshg khuh lv vwudljkwiruzdug1
71614 Frqglwlrqv rq wkuhvkrogv
Frqvlghu d ghflvlrq ri d zrunhu zkr dw wlph r mxvw uhfhlyhg d wudlqlqj rssruwxqlw|1 Xsrq
frpsohwlqj wudlqlqj/ djhqw wudqvlwv lqwr xqhpsor|phqw srro ri hlwkhu w|sh 5 ru 61 Wkh
uhohydqw fkrlfh lv ehwzhhq w|sh 5 dqg w|sh 6 xqhpsor|phqw vwdwhv1 Wr eh dw d vshfldol}d0
wlrq wkuhvkrog/ vkh ru kh pxvw eh lqglhuhqw ehwzhhq frqwlqxlqj khu +klv, fduhhu dv hlwkhu
w|sh1 Wkh yduldeohv wkdw vxppdul}h wkh h{shfwhg glvfrxqwhg xwlolw| xqghu doo iruhvhhdeoh
frqwlqjhqflhv lq wkh wzr vwdwhv duh T2f dqg T￿f Frqvhtxhqwo|/ dw wkh wkuhvkrog
T2f Erf'T￿f Erf +9,
L fdoo wkh wlph sdwk ri ET2f  T￿f wkh uhodwlyh dwwudfwlyhqhvv vfkhgxoh1
Zrunhuv ri w|sh 5 zloo suhihu wr iruhjr d pdwfk zlwk w|sh 4 li ehlqj xqhpsor|hg dqg
vhdufklqj jlyhv wkhp kljkhu h{shfwhg xwlolw|= T2￿ 	T 2f Wkxv/ wkh prphqw rJKr vdwlvhv
T2￿ ErJKr  T2f ErJKr'f +:,
Zrunhuv ri w|sh 5 pd| odwhu uhyhuw wr pdwfklqj zlwk w|sh 4/ dqg wkh prphqw wkh| gr
vr/ r?e}JKrc vdwlvhv wkh vdph frqglwlrq +:,1 Wkh glhuhqfh ehwzhhq wkh wzr lv lq wkh zd|
ET2￿  T2f furvvhv wkh }hur olqh= iurp deryh ru iurp ehorz +vhh Ilj1 6,1 Lq sulqflsoh wkhuh
pljkw eh pruh wkdq 5 revrohvfhqfh wkuhvkrogv li wkh vfkhgxoh ET2￿  T2f furvvhv }hur pruh
wkdq wzlfh1 L kdyh qr suhglfwlrqv derxw wkh h{dfw qxpehu ri wkuhvkrogv1 Wkh| doo/ krzhyhu/
ehkdyh lq wkh idvklrq/ ghvfulehg e| sursrvlwlrqv ri vhfwlrq 7181
Iljxuh 6=
:W|sh 6v zloo qhyhu pdwfk zlwk w|sh 4v hqgrjhqrxvo| li |46  5}> dqg lq idfw/ li |46 lv kljkhu wkdq 5} exw
qrw e| pxfk1
45Iljxuh 7= Pxowlsoh wkuhvkrogv
Prphqw rre} lv zkhq wkh qhz vshfldolvwv +w|sh 6, vwduw dyrlglqj pdwfkhv zlwk w|sh 51 Lw
lv jlyhq e| wkh htxdwlrq T￿2 ' T￿fc ru
T2￿ Erre}  T2f Erre}'f +;,
71615 Uhodwlyh wlplqj ri wkuhvkrogv
Zkloh lq doo phdqlqjixo fdvhv rre}  rfc wkh prgho grhv qrw vshfli|/ zkhwkhu rJKr 	r f ru
rf 	r JKr Lq idfw/ erwk vlwxdwlrqv fdq eh srwhqwldoo| revhuyhg rq dq htxloleulxp sdwk/ exw
L kdyh qrwklqj wr vd| derxw wkh ghwhuplqdqwv ri uhodwlyh wlplqj ri wkuhvkrogv1 Wkh uhvxowv
ehorz duh xqdhfwhg e| wklv dpeljxlw|1
717 Xqltxhqhvv ri htxloleulxp wkuhvkrog
Ehiruh suhvhqwlqj p| frpsdudwlyh g|qdplfv qglqjv/ L vwdwh wkh uhvxow rq wkh xqltxhqhvv
ri wkh vshfldol}dwlrq wkuhvkrog1
Sursrvlwlrq 4 Htxloleulxp wkuhvkrog rf lv xqltxho| ghqhg e| frqglwlrq +9,1
Surri1 Qrwlfh wkdw htxloleulxp wkuhvkrog lv d {hg srlqw ri wkh lqglylgxdo ehvw uhvsrqvh
fruuhvsrqghqfh rErfc zkhuh r lv wkh lqglylgxdo wkuhvkrog D vx!flhqw frqglwlrq iru htxlole0
ulxp xqltxhqhvv lv wkdw iru dq| |c |￿ :| crE|￿  rE| 	 E|￿  | +vhh Ilj1 7,
Frqvlghu wkh uhodwlyh dwwudfwlyhqhvv ri vshfldol}dwlrq dw wlph | li wkh lqglylgxdo wkuhvkrog
lv r dqg djjuhjdwh wkuhvkrog lv rf=  E|crcrf'T2f E|crcrfT￿f E|crcrf L zloo dvvxph wkdw
 lv frqwlqxrxvo| glhuhqwldeoh iru vlpsolflw|/ dowkrxjk wkh uhvxow krogv iru qrq0glhuhqwldeoh
ixqfwlrqv dv zhoo1 Vlqfh r vroyhv  Ercrcrf'f c _r
_rf ' 
Y￿*Yrf
Y￿*Yr  Wr suryh wkh xqltxhqhvv ri
46Iljxuh 8= Fkdqjh lq lqglylgxdo wkuhvkrog yv1 fkdqjh lq djjuhjdwh wkuhvkrog1




  Frqvlghu vpdoo :f dqg frqwudvw fkdqjhv
lq =
 Ercrf     Ercrf
yv1
 Er n crf   Ercrf
L dujxh wkdw  Er n crf   Ercrf :Ercrf     Ercrf Wr vhh wklv/ iuhh}h |
+vlploduo| wr w|lqj frruglqdwh v|vwhp wr d prylqj remhfw lq kljk vfkrro sk|vlfv,/ dqg frqvlghu
zkdw kdsshqv zkhq r lqfuhdvhv e| c ru rf ghfuhdvhv e|  +vhh Ilj1 8, Lq wkh iruphu fdvh wzr
lpsruwdqw gdwhv vkliw wr wkh ohiw  wkh wlph zkhq w|sh 5v vwduw srxulqj lq/ dqg wkh wlph zkhq
w|sh 6v dsshdu1 Erwk ri wkhvh vkliwv lqfuhdvh wkh uhodwlyh dwwudfwlyhqhvv ri vshfldol}dwlrq
 Lq frqwudvw/ lq wkh odwwhu fdvh/ rqo| rqh ri wkh wzr gdwhv vkliwv/ dqg wkh rwkhu vwd|v1
Reylrxvo|/ wkh hhfw rq  lv odujhu lq wkh fdvh zkhq r lqfuhdvhv e| 

















Dw wkh khduw ri wkh xqltxhqhvv uhvxow olhv wkh juhdwhu vhqvlwlylw| ri uhodwlyh ydoxh ri vshfldo0
l}dwlrq wr yduldwlrq lq rzq wkuhvkrog yv1 yduldwlrq lq froohfwlyh wkuhvkrog1 Vxssrvh zh kdyh
pxowlsoh htxloleulxp wudmhfwrulhv/ zlwk wkuhvkrogv rf dqg r￿
fcr ￿
f :r f Prylqj erwk wkuhvkrogv
iurp rf wr r￿
fc wkh lqfuhdvh lq djhqw*v uhodwlyh ydoxh ri vshfldol}dwlrq gxh wr srvwsrqlqj lqgl0
ylgxdo wkuhvkrog h{fhhgv wkh ghfuhdvh gxh wr wkh srvwsrqhphqw ri wkh djjuhjdwh wkuhvkrog1
Wkhuhiruh 9 fdqqrw krog dw erwk gdwhv rf dqg r￿
f
Wklv uhvxow rq wkh xqltxhqhvv fuxfldoo| uholhv rq wkh dvvxpswlrq ri frvwohvv wudlqlqj1 Zkhq
lw lv uhod{hg/ wkhuh duh srwhqwldoo| pxowlsoh htxloleuld/ lq rqh ri zklfk wkhuh pd| qrw eh d
vshfldol}dwlrq wkuhvkrog dw doo1 Iru ghwdlov/ vhh vxevhfwlrq 71:141
718 Frpsdudwlyh g|qdplfv
Lq wklv vhfwlrq L vwxg| wkh ehkdylru ri rswlpdo wkuhvkrogv zkhq vrph ri wkh sdudphwhuv
ydu|1 Wklv lv dq h{huflvh lq frpsdudwlyh g|qdplfv/ ehfdxvh L frqvlghu glhuhqw dgmxvwphqw
sdwkv1 qrw vwhdg| vwdwhv1
47Dsshqgl{ D ghyhorsv dq dqdo|wlfdo dssurdfk wrzdug rswlpdo wkuhvkrogv1 H{solflw kdq0
golqj ri wkh Pdunry wudqvlwlrq pdwul{ dqg wkh dvvrfldwhg jhqhudwru pdwul{ doorzv h{suhvvlqj
vwdwh0vshflf xwlolwlhv T￿￿ E| lq d qrq0uhfxuvlyh zd|1 Dv d uhvxow/ T￿￿ fdq eh glhuhqwldwhg wr
|lhog suhglfwlrqv derxw frpsdudwlyh g|qdplfv1 Vxshuprgxodulw| wkhruhp 4 hqvxuhv wkdw wkh
uhvxowv krog xqfrqglwlrqdoo| lq jhqhudo htxloleulxp1
Lq wkh sursrvlwlrqv ehorz/ wkh uhohydqw h{shulphqw lv wr frqvlghu wzr doprvw lghqwlfdo
hfrqrplhv zklfk glhu lq rqo| rqh sdudphwhu ri lqwhuhvw1 Wkh frpsdulvrq wkhq lv ehwzhhq
wzr htxloleulxp sdwkv1 D frqyhqwlrq= L vd| wkhuh lv d qhjdwlyh hhfw rq d wkuhvkrog/ li lw
vkliwv wr wkh ohiw rq wkh wlph d{lv/ dqg ylfh yhuvd iru d srvlwlyh hhfw1 Doo surriv duh uhohjdwhg
wr dsshqgl{1
Ohw xv uvw mx{wdsrvh hfrqrplhv zlwk glhuhqw zdjh yhfwruv1
Sursrvlwlrq 5 Dq lqfuhdvh lq 2￿ ohdgv wr srvwsrqhg vshfldol}dwlrq wdnhr +kljkhu rf1 Lvr0
odwlrq ri w|sh 4 zrunhuv rffxuv odwhu dorqj wkh sdwk dqg odvwv vkruwhu +kljkhu rJKrc orzhu
r?e}JKr1 Dowkrxjk wkhuh lv qr gluhfw hhfw ri 2￿ rq wkh vhjuhjdwlrq wkuhvkrog/ wkh jhqhudo
htxloleulxp hhfw lv srvlwlyh/ wrr1
Dq lqfuhdvh lq 2￿ ohdgv wr d vkliw ri wkh uhodwlyh dwwudfwlyhqhvv vfkhgxoh ET2f  T￿f
xszdug/ dw dq| jlyhq ^2 uhgxflqj wkh lqfhqwlyh wr vshfldol}h1 Rq wkh rwkhu kdqg/ d uhgxfwlrq
lq 2￿ kdv dq rssrvlwh hhfw/ vr wkh vshfldol}dwlrq wdnhv r hduolhu1 Wkh lqwxlwlrq ehklqg
wkh uhvxow lv wkdw zlwk kljkhu 2￿c w|sh 5 zrunhuv hduq pruh lq h{shfwdwlrq/ zkhuhdv w|sh 6
zrunhuv* h{shfwhg zdjh lv xqdhfwhg1
Qrz frqvlghu wkh hhfwv rq wkh revrohvfhqfh wkuhvkrogv1 Dq lqfuhdvh lq 2￿ vkliwv
wkh ET2￿  T2f vfkhgxoh xszdug1 Wkh revrohvfhqfh wkuhvkrog rJKr vkliwv wr wkh uljkw/ eh0
fdxvh ET2￿  T2f lv ghfuhdvlqj lq lwv qhljkerukrrg> phdqzkloh r?e}JKr vkliwv wr wkh ohiw/ dv
ET2￿  T2f lv lqfuhdvlqj dw wkdw srlqw +vhh Ilj1 9,1 Erwk vkliwv lpso| d vkruwhu lvrodwlrq
vshoo ri w|sh 4 zrunhuv1
Wkh uhvxow lv lqwxlwlyho| dsshdolqj= d orzhu zdjh lq wkh pdwfk zlwk revrohwh zrunhuv
pdnhv glvfulplqdwlrq lq pdwfklqj sd| r1 Dq lqfuhdvh lq 2￿ ohdgv wr d orqjhu vshoo ri w|sh
4 dqg w|sh 5 djhqwv zrunlqj wrjhwkhu1
D uhdo0zruog frpsdulvrq fruuhvsrqglqj wr sursrvlwlrq 5 lv ehwzhhq wzr hfrqrplhv/ rqh ri
zklfk h{klelwv h{fhvvlyh vshfldol}dwlrq1 Dq hfrqrp|/ zkrvh vwrfn ri kxpdq fdslwdo lv lqfrp0
sdwleoh zlwk pdunhw uhdolwlhv/ kdv olwwoh wr krog rq wr1 Lw wkhuhiruh dgmxvwv pruh djjuhvvlyho|
wkdq wkh hfrqrp| lq zklfk jhqhudolvwv kdyh vrph  h{lelolw| dgydqwdjh1 Reylrxvo|/ wklv grhv
qrw phdq wkdw zhoiduh lv kljkhu rq wkh wudqvlwlrq sdwk iru wkh pruh h{wlqfw hfrqrp|1 Dv
glhuhqwldwlrq ri wkh h{suhvvlrq iru zhoiduh lq dsshqgl{ E zrxog vkrz/ d ghfuhdvh lq 2￿
pdnhv wkh vrflhw| zruvh r1
Sursrvlwlrq 6 Dq lqfuhdvh lq xqhpsor|phqw ehqhw 5 ohdgv wr hduolhu vshfldol}dwlrq/ hduolhu
lvrodwlrq ri w|sh 4/ dqg hduolhu vhjuhjdwlrq ri w|sh 6 zrunhuv +rf/ rJKrcr re} doo jr grzq,1
Wklv dffrugv zlwk lqwxlwlrq= kljkhu ehqhwv pdnh mre vhdufkhuv pruh glvfulplqdwlqj dqg
fxvklrq wkh dgyhuvh hhfwv ri oderu irufh frpsrvlwlrq rq srwhqwldo w|sh 6 vshfldolvwv1 Wkxv/
xqhpsor|phqw ehqhwv pd| vhuyh dv dq lqvwuxphqw lq dhfwlqj wkh vshhg ri wudqvlwlrq/ qrw
rqo| wkh zhoiduh ri wkh xqhpsor|hg/ hyhq zlwk {hg vhdufk lqwhqvlwlhv1
48Iljxuh 9=
Lqwhusuhwlqj 5 dv krph surgxfwlrq/ wklv sursrvlwlrq lpsolhv wkdw sulplwlyh hfrqrplhv
dgmxvw idvwhu wr whfkqrorjlfdo ru rujdql}dwlrqdo vkrfnv wkdq wkh hfrqrplhv zlwk juhdwhu lp0
sruwdqfh ri wkh irupdo vhfwru1 D frpsdulvrq ehwzhhq jurzwk udwhv lq Fklqd dqg Fhqwudo
Hxursh pd| eh d fdvh lq srlqw +exw Fklqd dovr kdv d pxfk odujhu udwlr ri +￿￿*+￿￿cwkh glvwdqfh
wr vwhdg| vwdwh,1
Frqvlghu qrz krz wkh wkuhvkrog lq +4<, fkdqjhv zkhq sdudphwhuv 4cBc dqg 6 ydu|1
Sursrvlwlrq 7 Dq lqfuhdvh lq wudlqlqj rssruwxqlw| duulydo udwh +uhwluhphqw udwh, 4 kdv dq
dpeljxrxv hhfw rq wkh vshfldol}dwlrq wkuhvkrog1 Wkh lqfhqwlyh hhfw lv srvlwlyh/ zkloh wkh
vshhg hhfw lv qhjdwlyh1 Dv|pswrwlfdoo|/ wkh qhjdwlyh vshhg hhfw grplqdwhv1
Wkh wrwdo lpsdfw ri d jlyhq fkdqjh lq 4 fdq eh ghfrpsrvhg lqwr lqfhqwlyh hhfw dqg
v s h h gh  h f w 1 W k hi r u p h ul vw k hh  h f wr iw k hf k d q j hl qw k hlqglylgxdo wudqvlwlrq udwhv zlwk
djjuhjdwh g|qdplfv xqfkdqjhg +kljkhu 4 lpsolhv vkruwhu h{shfwhg olih vsdq/ ru lq lqqlwh olih
lqwhusuhwdwlrq/ ehwwhu rggv ri jhwwlqj wudlqlqj zkloh xqhpsor|hg,1 Wkh odwwhu lv wkh lpsdfw
ri wkh dowhuhg hyroxwlrq ri wkh djjuhjdwhv1
Lq wkh frqwh{w ri sursrvlwlrq 7/ wkh lqfhqwlyh hhfw lv srvlwlyh1 Lq wkh lqqlwh olih
lqwhusuhwdwlrq/ kljkhu rggv ri jhwwlqj d wudlqlqj rssruwxqlw| lq wkh ixwxuh lqfuhdvh wkh rswlrq
ydoxh ri frqvhuydwlyh srolf| +fkrrvlqj w|sh 5 lqvwhdg ri w|sh 6,1 Lpsuryhg dffhvv wr hgxfdwlrq
ohdgv wr vorzhu dgmxvwphqw$ Lw lv lqwhuhvwlqj wr qrwlfh krz wkh vdph hhfw/ ghshqglqj rq wkh
lqwhusuhwdwlrq ri wkh prgho/ pd| vhhp hlwkhu hqwluho| frqyhqwlrqdo ru vrphzkdw xqh{shfwhg1
Lq wkh uhwluhphqw lqwhusuhwdwlrq ri wkh prgho/ kljkhu uhwluhphqw udwh 4 lpsolhv d odujhu
hhfwlyh glvfrxqw udwh1 Dv d uhvxow/ djhqwv fduh ohvv derxw glvwdqw ixwxuh/ fkrrvlqj wkh
lpphgldwho| uhzduglqj w|sh 51
Wkh vshhg hhfw lv qhjdwlyh/ ehfdxvh zlwk kljkhu udwh ri wudlqlqj +jhqhudwlrqdo wxuqryhu
lq wkh uhwluhphqw lqwhusuhwdwlrq,/ wkhuh zloo eh pruh txdolw| sduwqhuv lq wkh ixwxuh/ pdnlqj
w|sh 6 pruh dwwudfwlyh1
Wkh wrwdo hhfw lv olnho| wr eh qhjdwlyh li 4 lv odujh hqrxjk douhdg|/ glvfrxqw udwh o lv kljk/
ru pdwfklqj udwh 6 lv kljk1 Qrwlfh/ dovr wkdw kljkhu 4 xqdpeljxrxvo| vshhgv xs wkh lqlwldo
dffxpxodwlrq ri w|sh 5v1 Dv 4 jurzv dv|pswrwlfdoo|/ wudlqlqj rssruwxqlw| duulyhv lqvwdqwo|
dqg doo zrunhuv kdyh dq lqfhqwlyh wr lqyhvwv lq vshfldo vnloov dw wlph f1 Wkxv/ dv|pswrwlfdoo|/
vshhg hhfw grplqdwhv wkh lqfhqwlyh hhfw1
Sursrvlwlrq 8 Dq lqfuhdvh lq vhsdudwlrq udwh B ohdgv wr srvwsrqhg vshfldol}dwlrq wkuhvkrog=
rf jrhv xs1
49Wkh lqfhqwlyh hhfw ri d fkdqjh lq B lv }hur= erwk w|shv h{shfw wr vwd| xqhpsor|hg
sursruwlrqdwho| orqjhu1 Wkh vshhg hhfw lv srvlwlyh1 Gxh wr wkh kljkhu udwh ri pdwfk glv0
vroxwlrq/ wkhuh zloo eh d uhodwlyh lqfuhdvh lq wkh sursruwlrqv ri w|sh 4 dqg 5 zrunhuv rq wkh
pdunhw ehfdxvh wkh| dffrxqw iru d odujhu vkduh ri hpsor|phqw1 Wklv pdnhv vshfldol}dwlrq
ohvv dwwudfwlyh1 Iljxuhv : dqg ; ghslfw wudmhfwrulhv ri xqhpsor|phqw dqg rxwsxw shu fdslwd
iru kljk dqg orz B +gdvkhg olqh fruuhvsrqgv wr d kljkhu vhsdudwlrq udwh,1
Iljxuh :=
Hfrqrplhv zlwk h{rjhqrxvo| kljkhu wxuqryhu +orzhu whqxuhv, zloo h{shulhqfh vorzhu dg0
mxvwphqwv wr vkrfnv/ zlwk kljkhu wudqvlwru| xqhpsor|phqw/ dffruglqj wr wkh prgho1
Sursrvlwlrq 9 Wkh lqfhqwlyh hhfw ri dq lqfuhdvh lq pdwfklqj udwh 6 lv qhjdwlyh Erf jrhv
grzq,1 Wkh vshhg hhfwv lv dovr qhjdwlyh li dw ohdvw kdoi ri wkh xqhpsor|hg srsxodwlrq lv ri
w|sh 4 dw wkh vshfldol}dwlrq wkuhvkrog1
Dq lqfuhdvh lq 6 dfwv wkurxjk h{shfwdwlrq ri vkruwhu vhdufklqj wlph lq wkh ixwxuh +lq0
fhqwlyh hhfw, dqg lqfuhdvhg sursruwlrq ri vxlwdeoh sduwqhuv +vshhg hhfw,1 Wkh odwwhu hhfw
iroorzv ehfdxvh zlwk kljkhu 6c xqvxlwdeoh sduwqhuv +w|sh 4, pdwfk idvwhu zkhq wkh| vwloo
grplqdwh wkh pdunhw/ dqg wkhlu sursruwlrq lq xqhpsor|phqw idoov1 Dv|pswrwlfdoo|/ wkh lq0
fhqwlyh hhfw grplqdwhv= dv wkh oderu pdunhw ehfrphv surjuhvvlyho| pruh h!flhqw/ wkhuh lv
ohvv g|qdplf lqhuwld dvvrfldwhg zlwk dgmxvwphqw1
719 H!flhqf|
Ohw xv qrz wxuq wr wkh txhvwlrqv ri frqvwudlqhg h!flhqf| ri wkh wudqvlwlrq surfhvv1
Vxssrvh wkhuh zhuh d vrfldo sodqqhu zkr zrxog eh deoh wr glfwdwh djhqwv zkdw nlqg ri wudlqlqj
wr xqghuwdnh/ dqg ryhuvhh wkh vhsdudwlrq ghflvlrqv lq lqglylgxdo zrunsodfh1 Htxlydohqwo| sxw/
4:Iljxuh ;=
wkh vrfldo sodqqhu fdq fkrrvh wkh vshfldol}dwlrq wkuhvkrog dv zhoo dv rwkhu wkuhvkrogv1 Wkh
vroxwlrq wr sodqqhu*v sureohp lv d frqvwudlqhg Sduhwr rswlpxp vxemhfw wr oderu pdunhw
iulfwlrqv1 Wkh rswlpdo frppdqg wkuhvkrog lv frpsxwhg lq dsshqgl{ E xqghu wkh xwlolwduldq
zhoiduh fulwhulrq1
Dsshqgl{ E ghprqvwudwhv wkdw lqglylgxdo ghflvlrqv wr vshfldol}h fuhdwh dq h{whuqdolw| rq
wudlqlqj fkrlfhv ri rwkhu djhqwv1 Wkh hduolhu d vxevhw ri djhqwv ghflgh wr vshfldol}h/ wkh pruh
dwwudfwlyh vshfldol}dwlrq fkrlfh ehfrphv iru hyhu|erg|1 Khqfh/ lq ghfhqwudol}hg htxloleulxp/
vshfldol}dwlrq wdnhv r wrr odwh gxh wr wkh frruglqdwlrq idloxuh dprqj zrunhuv1
Dq dgglwlrqdo vrxufh ri lqh!flhqf| ri ghfhqwudol}hg htxloleulxp lv plvdoorfdwlrq ri sur0
gxfwlrq1 Hduolhu vshfldol}dwlrq phdqv wkhuh duh pruh w|sh 6 zrunhuv rq wkh pdunhw zklfk lq
wxuq lpso| pruh pdwfkhv ri w|sh E2c dqg ihzhu pdwfkhv ri w|sh Ec2 dqg E2c2 Kljkhu
rxwsxw lq sdluv zlwk prghuq vshfldolvwv frpshqvdwhv iru wkh rxwsxw orvv lq revrohwh dqg
vhpl0revrohwh pdwfkhv/ vr wkh vrflhw| dv d zkroh ehqhwv1 Rq wkh glvwulexwlrq vlgh/ krzhyhu/
hduolhu vshfldol}dwlrq kxuwv zrunhuv zlwk revrohwh vnloov e| surorqjlqj wkhlu zdlwlqj wlph/ dqg
ehqhwv zrunhuv zlwk jhqhudo vnloov1
Wkh lqh!flhqf| ri wkh ghfhqwudol}hg htxloleulxp sdwk pdnhv d fdvh iru jryhuqphqw lq0
whuyhqwlrq1 Dq| srolf| wkdw fdq vshhg xs vshfldol}dwlrq zloo eh orfdoo| ehqhfldo1 Vhfwlrq
718 vhhplqjo| kdv d ihz rwkhu/ frxqwhulqwxlwlyh lpsolfdwlrqv iru zhoiduh0hqkdqflqj srolflhv1 L
glvfxvv wkhp lq wkh vhfwlrq 71;1
4;71: H{whqvlrqv
71:14 Frvw ri hgxfdwlrq
Xqwlo qrz L dvvxphg wkdw wudlqlqj zdv frvwohvv iru wkh djhqwv1 Uhod{lqj wklv dvvxpswlrq
grhv qrw ohdg wr vljqlfdqw uhylvlrq ri wkh uhvxowv1 Li 2 dqg ￿ ghqrwh wkh frvwv ri wudlqlqj
dv w|sh 5 dqg 6 uhvshfwlyho|/ wkhuh pd| eh qrz wzr vshfldol}dwlrq wkuhvkrogv lqvwhdg ri rqh/
ghshqglqj rq zkdw lqwhusuhwdwlrq ri wudlqlqj zh dvvxph1 Lq wkh lqqlwh olih lqwhusuhwdwlrq/
djhqwv uhwudlq iurp wlph wr wlph1 Vrphrqh zkr kdv douhdg| dftxluhg w|sh 5 grhv qrw kdyh
wr sd| wkh wudlqlqj frvw 2 djdlq li vkh grhv qrw zdqw wr fkdqjh khu w|sh/ exw djhqw ri w|sh
4 pxvw sd| wklv frvw1 Frqvhtxhqwo|/ iru djhqwv ri w|sh 4 wkh vshfldol}dwlrq wkuhvkrog zloo
dvvxph wkh irup
T2f Erf  T￿f Erf  2 n ￿ 'f c +<,
zkloh iru w|sh 5 djhqwv lw zloo eh
T2f Erf  T￿f Erfn￿ 'f  +43,
Lq wkh uhwluhphqw lqwhusuhwdwlrq ri wkh prgho zrunhuv dftxluh wkhlu w|sh rqo| rqfh/ dw
wkh ehjlqqlqj ri wkhlu fduhhu1 Khqfh/ wkh wkuhvkrog lv xqltxh dqg jlyhq e| +<,1
Lw lv lpphgldwh wkdw wkh sursrvlwlrqv 59 duh xqfkdqjhg1 Dq dgglwlrqdo vwudljkwiruzdug
uhvxow lv
Sursrvlwlrq : Dq lqfuhdvh lq ￿c ru frqyhuvho|/ ghfuhdvh lq 2c sxvkhv xs doo vshfldol}dwlrq
wkuhvkrogv1
Surri1 Glhuhqwldwh +<, z1u1w1 ￿ G _
_￿￿ ET2f  T￿f  2 n ￿': f Wkxv wkh uhodwlyh
dwwudfwlyhqhvv vfkhgxoh vkliwv xs1 Vlploduo| iru 2 
Li vshfldol}dwlrq lv frvwo| uhodwlyh wr jhqhudo wudlqlqj/ lw zloo eh srvwsrqhg1 Dw wkh vdph
wlph xqhpsor|phqw zloo eh orzhu rq wkh dgmxvwphqw sdwk +gxh wr pdwfklqj hhfwv,1
Dq dgglwlrqdo hhfw ri lqwurgxflqj frvwo| hgxfdwlrq lqwr wkh edvh prgho lv d srwhqwldo iru
pxowlsoh htxloleuld1 Frqvlghu d vlwxdwlrq zkhq oderu irufh frqvlvwv ri w|sh 5 zrunhuv rqo|1
Lq devhqfh ri frvwv ri wudlqlqj/ hyhu| djhqw xqghujrlqj wudlqlqj zrxog fkrrvh wr vshfldol}h







wkh ydoxh wklv xwlolw| wdnhv xqghu wkh h{shfwdwlrq wkdw doo zrunhuv zloo vshfldol}h1 Lq frqwudvw/
li qr rqh vshfldol}hv/ xwlolw| lq vwdwh Ecf lv T￿f ' T ,J￿
￿f zklfk lv vwloo kljkhu wkdq T ,J￿
2f ehfdxvh






2f gxh wr frpsohphqwdulwlhv +￿￿ : ￿2c  Qrz
lqwurgxfh wkh frvwv ri wudlqlqj lq wkh dprxqw ￿cT,J￿
￿f  T ,J￿










2f : ￿ dqg dq dgmxvwphqw sdwk rq zklfk qr djhqw hyhu vshfldol}hv
+T ,J￿
￿f T ,J￿
2f 	 ￿1 D shvvlplvwlf vrflhw| pd| wkhq eh vwxfn rq d Sduhwr0lqihulru htxloleulxp
sdwk li wkh wudlqlqj frvwv duh vx!flhqwo| kljk1
Wklv vrxufh ri htxloleuld pxowlsolflw| lv lvrprusklf wr wkdw lghqwlhg lq ^Dfhprjox/ 4<<:`1
Lq klv prgho/ Dfhprjox vkrzv krz frpsohphqwdu| lqyhvwphqwv ri zrunhuv dqg upv pd| qrw
eh xqghuwdnhq gxh wr vhoi0ixooolqj shvvlplvp> pruhryhu/ kh ghprqvwudwhv wkdw wkh srvvlelolw|
ri ghod| rqo| h{dfhuedwhv wkh pxowlsolflw| sureohp1 Vlploduo| wr klv uhvxowv/ p| prgho fdq
dovr h{klelw ghod|hg vshfldol}dwlrq dv dq lqihulru htxloleulxp sdwk1 D srolf| wr ryhufrph wklv
frruglqdwlrq idloxuh/ h1j1 d vkruw0olyhg vxevlg| iru wudlqlqj/ zloo eh ehqhfldo1
4<71:15 Rwkhu zdjh edujdlqlqj vshflfdwlrqv
Lqvwhdg ri wkh htxdo vsolw ri wkh rxwsxw hdfk shulrg/ zdjh0vhwwlqj ehkdylru frxog eh
prghohg lq d pruh frpsoh{ zd|1 Zkloh L gr qrw hqghdyrxu wklv h{whqvlrq khuh h{solflwo|/
L fdq vwloo hqylvlrq vrph ri dgglwlrqdo hhfwv lqwurgxfhg1 Zkdw pdq| ri wkh zlgho|0xvhg
edujdlqlqj vroxwlrqv lpso| lv wkdw dq lqfuhdvh lq wkh uhvhuydwlrq ydoxh +lpsdvvh srlqw, ri d
sduw| ohdgv wr dq lqfuhdvh lq khu2klv vkduh ri wkh vxusoxv1 Zlwkrxw irupdol}lqj wklv/ L vwxg|
zkdw kdsshqv li wkh wkuhdw srlqw ri w|sh 4 zrunhuv lqfuhdvhv1
Sursrvlwlrq ; Li dq lqfuhdvh lq wkh wkuhdw srlqw ri w|sh 4 ohdgv wr lpsuryhphqw lq edu0
jdlqlqj srvlwlrq lq d pdwfk zlwk w|sh 5 dqg uhgxfwlrq lq 2￿/ wklv fdxvhv hduolhu hqwu| ri
w|sh 6 vshfldolvwv dqg hduolhu ghflvlrq ri w|sh 5 djhqwv qrw wr pdwfk zlwk w|sh 41 Wkxv/ dq
lpsuryhphqw lq wkh edujdlqlqj srvlwlrq ri w|sh 4 ohdgv wr dq hduolhu vshfldol}dwlrq wdnhr/
hduolhu lvrodwlrq ri w|sh 4 zrunhuv/ dqg wkhlu ulvlqj xqhpsor|phqw1
Surri1 Dsso| Sursrvlwlrq 51
Iljxuh <=
Frqvlghu zkdw kdsshqv zkhq jryhuqphqw vxevlgl}hv revrohwh pdwfkhv Ec Wklv lq0
fuhdvhv zdjh ￿￿ dqg vwuhqjwkhqv edujdlqlqj srvlwlrq ri w|sh 4 zrunhuv lq rwkhu pdwfkhv1
Frqvhtxhqwo|/ zrunhuv ri w|sh 5 uhfhlyh orzhu uhpxqhudwlrq lq Ec2 pdwfkhv/ zkloh w|sh 6v
duh xqdhfwhg1 Khqfh/ vshfldol}dwlrq ehfrphv uhodwlyho| pruh dwwudfwlyh1
Vxevlgl}dwlrq fdxvhv rxwsxw shu fdslwd jdlqv gxh wr hduolhu vshfldol}dwlrq exw kljkhu
wudqvlwru| xqhpsor|phqw +Vhh Ilj1 <,1 Vhfwlrq 71; ixuwkhu glvfxvvhv wkh srolf| srwhqwldo ri
wklv sdudgr{lfdo lpsolfdwlrq ri vxevlgl}dwlrq1
71:16 Rwkhu pdwfklqj vshflfdwlrqv
Wkh udqgrp pdwfklqj dvvxpswlrq lv fohduo| h{wuhph1 L fdq zhdnhq lw e| doorzlqj iru
vhpl0gluhfwhg vhdufk ^Dfhprjox/ 4<<9e`1 Dv orqj dv wkhuh lv d srvlwlyh ghjuhh ri udqgrpqhvv lq
53wkh pdwfklqj/ wkhuh lv d srwhqwldo iru djjuhjdwh shfxqldu| h{whuqdolw| wr ryhuwxuq surgxfwlyh
h!flhqf| ri w|sh 6v1
L frxog dovr jhw wkh vdph uhvxowv xqghu dq dowhuqdwlyh pdwfklqj whfkqrorj|1 Vhdufk lv
frpsohwho| gluhfwhg +zrunhuv fdq irup/ vd|/ 5 ru 6 glvwlqfw pdunhwv,/ exw wkh suredelolw|
ri qglqj d pdwfk ghshqgv rq wkh qxpehu ri rwkhu zrunhuv vhdufklqj lq wkh vdph srro
+LUV pdwfklqj whfkqrorj|,1 Zkloh wklv odvw dvvxpswlrq lv xvxdoo| ryhuwxuqhg hpslulfdoo|
lq ghyhorshg frxqwu| frqwh{wv/ wkhuh lv hylghqfh wkdw lqfuhdvlqj uhwxuqv sod| frqvlghudeoh
uroh lq wudqvlwlrq hfrqrplhv ^P qlfk/ Vyhmqdu dqg Whuuhoo/ 4<<;`1 Lw frxog eh wkdw oderu
pdunhw lqiudvwuxfwxuh jurzv orfdoo| zlwk wkh pdunhw vl}h +dqg pdunhwv lq ghyhorshg frxqwulhv
uhsuhvhqw vwhdg| vwdwhv ri wklv surfhvv,1 Xqghu wklv dowhuqdwlyh vshflfdwlrq/ wkh txdolwdwlyh
uhvxowv duh xqfkdqjhg1
71; Vrph srolf| lpsolfdwlrqv
Dv lpsolhg e| vhfwlrq 719/ wkh ehvw fdvh iru srolf| lq p| prgho lv wr wu| wr uhphg| iru
wkh urrw fdxvhv ri frruglqdwlrq idloxuh dqg vxevlgl}h vshfldol}dwlrq1
D srolf| wkdw pdnhv yrfdwlrqdo hgxfdwlrq uhodwlyho| fkhdshu lv ghvludeoh +fi1 Sursrvlwlrq
: uhjduglqj d uhgxfwlrq lq ￿,/ dv zhoo dv wkh lqyhvwphqw lq oderu pdunhw lqiudvwuxfwxuh +fi1
Sursrvlwlrq 9 uhjduglqj fkdqjhv lq 61
D sdudgr{lfdo lpsolfdwlrq ri sursrvlwlrq ; lv wkdw jryhuqphqw vrphwlphv fdq vshhg xs
vshfldol}dwlrq/ dqg wkhuhiruh/ jurzwk/ e| vxevlgl}lqj revrohwh pdwfkhv Ec Dffruglqj wr
sursrvlwlrq ;/ wklv lqfuhdvhv zdjh ghpdqgv ri w|sh 4 zrunhuv/ sxvklqj grzq zdjhv ri w|sh
5 zrunhuv/ dqg pdnlqj vshfldol}dwlrq pruh dwwudfwlyh1 Rqh qhhgv wr eh fdxwlrxv/ krzhyhu/
ehfdxvh wklv hhfw lv rqo| ydolg iru vxevlglhv wkdw duh qrw odujh hqrxjk1 Iru vx!flhqwo| kljk
zdjh ￿￿ qhlwkhu w|sh 5 qru w|sh 6 wudlqlqj duh rswlpdo1 Wrr kljk d vxevlg| suhfoxghv wkh
dgmxvwphqw dw doo1 Lq dgglwlrq/ wkh vxevlg| vshhgv xs wkh lvrodwlrq ri wkh revrohwh vshfldolvwv/
zklfk lv xqghvludeoh rq htxlw| jurxqgv1
Xqghu wkh lqqlwh olih lqwhusuhwdwlrq wkdw irfxvhv rq plg0olih wudqvlwlrqv/ prgho kdv
d vrphzkdw xqxvxdo lpsolfdwlrq wkdw ehwwhu hgxfdwlrq idflolwlhv pljkw xqghu vrph flufxp0
vwdqfhv vorz grzq jurzwk1 Wklv zrxog kdsshq li wkh lqfhqwlyh hhfw ri wkh fkdqjh lq hg0
xfdwlrq udwhv grplqdwhv wkh vshhg hhfw1 Dv rssruwxqlw| frvwv ri qrw uhwudlqlqj ghfuhdvh/
lqglylgxdo zrunhuv ehfrph pruh frqvhuydwlyh dqg srvwsrqh vshfldol}dwlrq1 Krzhyhu/ wklv
grhv qrw lpso| wkdw jryhuqphqwv vkrxog vodvk sodqv wr exlog yrfdwlrqdo vfkrrov1 Wkh h!0
flhqf| wkhruhp lv ydolg xqghu frqvwdqw 4 Qr h!flhqf| uhvxow lv dydlodeoh iru ydu|lqj 41
8 Idfwv derxw oderu pdunhwv lq wudqvlwlrq
814 Hquroophqwv
Lw lv gl!fxow wr surylgh gluhfw hpslulfdo hylghqfh rq fkdqjhv lq wkh djjuhjdwh glvwulexwlrq
ri vnloov/ ehfdxvh wkh ghjuhh ri vshfldol}dwlrq lv xqrevhuydeoh ru dw ohdvw yhu| urxjko| sur{lhg
e| wkh gdwd iurp vwdqgdug oderu irufh vxuyh|v1 Ixuwkhu/ wkh vrphzkdw ydjxh glvwlqfwlrq lq
uhdolw| ehwzhhq wkh dprxqw ri kxpdq fdslwdo/ dqg wkh ghjuhh ri vshfldol}dwlrq frpsrxqgv
wkh lqwhusuhwdwlrq ri wkh idfwv1
54Wkh lqglfdwru wkdw shukdsv ehvw jdxjhv wkh vshfldo2jhqhudo wudlqlqj lv wkh udwlr ri hq0
uroophqwv lq yrfdwlrqdo dqg jhqhudo vhfrqgdu| wudlqlqj/ ehfdxvh erwk pljkw uhdvrqdeo| eh
ghvfulehg dv surylglqj wkh vdph dprxqw ri kxpdq fdslwdo1 Erhul ^4<<<` vkrzv wkdw diwhu
uhirupv vwduwhg/ wkh frpsrvlwlrq ri wkhvh hquroophqwv kdv fkdqjhg gudpdwlfdoo| dfurvv FHH
frxqwulhv +vhh Ilj1 43,1 Hquroophqwv zhuh kljkhu lq jhqhudo vhfrqgdu| vfkrrov dqg orzhu lq
yrfdwlrqdo vfkrrov lq 4<<9 frpsduhg zlwk 4<;<1 Wkhvh fkdqjhv lq hquroophqwv zhuh ghpdqg
gulyhq/ dv hylghqfhg e| wkh jxuhv rq wkh vxsso| ri hgxfdwlrq1 Lq 4<<7/ yrfdwlrqdo dqg
whfkqlfdo vfkrrov vwloo dffrxqwhg iru ;7( ri vhfrqgdu| hgxfdwlrq lq wkh F}hfk Uhsxeolf/ dqg
:6( lq Kxqjdu|/ frpsduhg wr 86( RHFG dyhudjh ^Erhul hw do1/ 4<<;`1
The Over-Specialisation of the Workforce
Changes in Enrollment Rates, 1989-1996
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a Enrolment as a percentage of the 15-18 population age group. Vocational




Iljxuh 43= Vrxufh= ^Erhul/ 4<<<`1
Lq dgglwlrq wr hquroophqw udwhv/ wkhuh lv olplwhg hylghqfh rq uhwudlqlqj surjudpv iru wkh
xqhpsor|hg1 Lq F}hfk Uhsxeolf/ vwduwlqj lq 4<<5/ jhqhudo udwkhu wkdq vshflf wudlqlqj pdgh
xs wkh exon ri wkh frxuvhv rujdql}hg e| oderu r!fhv ^Kdp/ Vyhmqdu dqg Whuuhoo/ 4<<8`1
55815 Hgxfdwlrq dqg h{shulhqfh surohv lq hduqlqjv
Uxwnrzvnl ^4<<;d` grfxphqwv d vxevwdqwldo lqfuhdvh lq hgxfdwlrq suhpld dfurvv prvw
Fhqwudo Hxurshdq frxqwulhv1 Krzhyhu/ d fuxfldo idfw lv wkdw yrfdwlrqdo hgxfdwlrq fhdvhg wr
kdyh dq| hhfw rq hduqlqjv ^Iodqdjdq/ 4<<;> Uxwnrzvnl/ 4<<;d`1 Lq wkh wdeoh ehorz/ vhohfwhg
hvwlpdwhv iurp wkh orj0hduqlqjv uhjuhvvlrqv duh suhvhqwhg iru Srodqg/ F}hfk Uhsxeolf/ dqg
Hvwrqld1 Doo ri wkhp grfxphqw  dwwhqlqj ri wkh h{shulhqfh surohv/ dv vnloov dffxpxodwhg
xqghu wkh rog v|vwhp duh ri olwwoh pdunhw ydoxh1
H{shulhqfh surohv lq orj0hduqlqjv/ vhohfwhg uhjuhvvruv/ FHH frxqwulhv
4<;: 4<;; 4<;< 4<<5 4<<6 4<<7 4<<8
Srodqg
H{s ff ff2 ff2
H{s2 ffDS ffD ff
Sulydwh h{s fffS fffD
Sulydwh h{s2 ff. ffb
F}hfk uhsxeolf
Phq








Vhfrqgdu| hgxfdwlrq ffH f2. fHe f2e f2Df
H{s fb ffe ffe2 ffDD ffD2
H{s2 ff2. fffH ffD ff2 ff2
Vrxufh= ^Uxwnrzvnl/ 4<<9`/ ^Yh
 fhuqðn/ 4<<8`/ ^Qrrunrly/ Rud}hp/ Sxxu dqg Yrgrslyhf/ 4<<;`1
816 Xqhpsor|phqw sursruwlrqv dqg lqflghqfh
Frqvlvwhqwo| zlwk suhglfwlrqv ri p| prgho/ Frulfhool/ Khjhhphmhu dqg U|elqvnl ^4<<8` qg
wkdw wkh odujhvw jurxs lq xqhpsor|phqw srro duh zrunhuv zlwk edvlf dqg vhfrqgdu| yrfdwlrqdo
hgxfdwlrq1 Lq wkh wklug txduwhu ri 4<<5/ iru h{dpsoh/ wkh iruphu dffrxqwhg iru 6;15( dqg
541;( ri xqhpsor|phqw/ uhvshfwlyho|/ zkloh shrsoh zlwk vhfrqgdu| jhqhudo hgxfdwlrq rqo|
iru :17(1 Frulfhool hw do1 ^4<<8` dwwulexwh wklv wr vkruwfrplqjv ri Srolvk hgxfdwlrqdo v|vwhp/
lq zklfk yrfdwlrqdo vfkrrov zhuh forvho| wlhg zlwk vshflf hqwhusulvhv ru eudqfkhv1
Rud}hp dqg Yrgrslyhf ^4<<:` vkrz wkdw lq Voryhqld zrunhuv zlwk yrfdwlrqdo vnloov zhuh
vljqlfdqwo| pruh olnho| wr eh xqhpsor|hg1 H{lw udwhv iurp xqhpsor|phqw dovr ihoo zlwk djh1
Wkhlu qglqjv duh vxppdul}hg lq wkh wdeoh ehorz=
56Glhuhqfh iurp wkh edvholqh suredelolw| ri qglqj
d mre li xqhpsor|hg1 Voryhqld1
H{shulhqfh Suh0wudqvlwlrq Wudqvlwlrq
Ohvv wkdq 6 |hduv 51< 515
608 |hduv edvholqh edvholqh
8043 |hduv 71; 31:
43048 |hduv 814 315
48053 |hduv ;13 0316
Pruh wkdq 53 |hduv 917 819
Vrxufh= ^Rud}hp dqg Yrgrslyhf/ 4<<:`1
Uxwnrzvnl ^4<<;e` grfxphqwv wkdw qduurz yrfdwlrqdo vnloov lqfuhdvh wkh ulvn ri mreohvvqhvv
lq Srodqg1 Fd}hv dqg Vfdushwwd ^4<<;` hvwlpdwh kd}dug udwhv ri h{lw wr mrev dprqj uhjlvwhuhg
xqhpsor|hg lq wzr uhjlrqv +yrlyrgvklsv, ri Srodqg/ Zduvdz dqg Flhfkdqry1 Lq erwk vlqjoh
dqg pxowlsoh ghvwlqdwlrq sduwldo kd}dugv hfrqrphwulf prghov wkh| qg wkdw jhqhudo vhfrqgdu|
hgxfdwlrq kdv srvlwlyh dqg vljqlfdqw hhfw rq h{lw udwhv/ zkloh yrfdwlrqdo wudlqlqj kdv hlwkhu
lqvljqlfdqw ru pxfk orzhu hhfw=
Kd}dug udwhv ri h{lw wr mre iurp xqhpsor|phqw
Zduvdz Flhfkdqry
4<<304<<4 4<<404<<5 4<<304<<4 4<<404<<5
Vhfrqgdu| hgxfdwlrq fff. 315;46W 315:8 31:474W
Yrfdwlrqdo hgxfdwlrq 316588W 313;39 31854 313969
Pxowlsoh ghvwlqdwlrq prgho
Vhfrqgdu| hgxfdwlrq 3139:; 31;<35W 414588W
Yrfdwlrqdo hgxfdwlrq 315998 3176::W 3143:7
Vrxufh= ^Fd}hv dqg Vfdushwwd/ 4<<;`1 Dvwhulvnv ghqrwh vwdwlvwlfdoo| vljqlfdqw hvwlpdwhv1
Erhul hw do1 ^4<<;` vkrz wkdw yrfdwlrqdo vfkrro judgxdwhv lq Kxqjdu| lq 4<<7 iduhg zruvh
lq whupv ri wkh suredelolw| ri qglqj d mre wkdq vwxghqwv zlwk dq htxlydohqw qxpehu ri |hduv
lq jhqhudo vhfrqgdu| vfkrrov=
Suredelolw| ri ohdylqj lqvxuhg xqhpsor|phqw iru d mre1




Vrxufh= ^Erhul hw do1/ 4<<;`1
Wdnhq wrjhwkhu/ hylghqfh lv eurdgo| frqvlvwhqw zlwk wkh suhglfwlrq ri p| wkhru| wkdw
lqyhvwphqw lq jhqhudo kxpdq fdslwdo vkrxog eh dwwudfwlyh lq wkh ehjlqqlqj skdvh ri wudqvlwlrq1
L qrz glvfxvv Hdvw Jhupdq wudqvlwlrq h{shulhqfh wkdw frqwudvwv zlwk wkdw lq wkh uhvw ri
Fhqwudo dqg Hdvwhuq Hxursh1
57Iljxuh 44= Vrxufh= ^Eodqfkdug/ 4<<:`
817 Xqhpsor|phqw h{shulhqfh ri Hdvw Jhupdq|
Wkhuh lv pruh wr wudqvlwlrq wkdq mxvw wkh dgmxvwphqw ri wkh kxpdq fdslwdo vwrfn1 Glvrujd0
ql}dwlrq ^Eodqfkdug dqg Nuhphu/ 4<<:` ghqlwho| h{sodlqv d vljqlfdqw sduw ri wkh X0vkdshg
rxwsxw sdwk1 Krzhyhu/ wkhuh duh glhuhqfhv dfurvv wudqvlwlrq hfrqrplhv wkdw fdqqrw eh
uhdglo| h{sodlqhg lq wkh glvrujdql}dwlrq iudphzrun1 Iru lqvwdqfh/ rqh zrxog h{shfw Hdvw
Jhupdq| wr kdyh ihzhu sureohpv zlwk hqiruflqj frqwudfwv wkdq lwv FHH qhljkeruv/ jlyhq
wkh srzhuixo lq xhqfh ri wkh Zhvw Jhupdq erg| ri odz/ vl}h ri gluhfw lqyhvwphqw/ dqg wkh
zlqgidoo jdlq lq lqiudvwuxfwxuh fdslwdo1 Exw Hdvw Jhupdq| kdv h{shulhqfhg wkh zruvw xq0
hpsor|phqw +hpsor|phqw ihoo e| 68(, dprqj wkh Fhqwudo dqg Hdvwhuq Hxurshdq frxqwulhv/
dqg wkh vkdushvw rxwsxw idoo/ dv zhoo dv wkh vkdushvw uhfryhu| +vhh Ilj1 44,1 Eodqfkdug ^4<<:`
vxjjhvwv wkdw xqlrq suhvvxuhv rq zdjhv dffrxqw iru wklv skhqrphqrq1 Krzhyhu/ Kxqw ^4<<<`
qgv olwwoh vxssruw iru wklv k|srwkhvlv/ dv zdjh jurzwk dsshduv wr eh vlplodu dw jurzlqj/
vkulqnlqj/ dqg vwdeoh upv1 Pruhryhu/ dv L grfxphqw ehorz/ zdjhv frqwlqxhg wr jurz dw
kljk udwhv iru wkh uhvw ri wkh <3v zlwk qr ixuwkhu lqfuhdvh lq xqhpsor|phqw1
P| prgho rhuv dq dowhuqdwlyh h{sodqdwlrq iru wkh vl}h ri Hdvw Jhupdq hpsor|phqw idoo1
Wkh xqlfdwlrq hqodujhg wkh hhfwlyh oderu pdunhw iru Hdvw Jhupdqv1 Vlqfh wklv qhz pdunhw
zdv grplqdwhg e| vshfldolvwv zlwk prghuq vnloov/ vshfldol}dwlrq ehfdph rswlpdo dw wkh yhu|
ehjlqqlqj1 Dv lpsolhg e| wkh prgho/ wkrxjk/ hduo| vshfldol}dwlrq jrhv kdqg lq kdqg zlwk
kljk xqhpsor|phqw1
Li wklv k|srwkhvlv lv fruuhfw/ wkhq rqh zrxog revhuyh d X0vkdshg sdwwhuq lq uhodwlyh uhwxuqv
wr yrfdwlrqdo yv1 jhqhudo hgxfdwlrq1 L vwxg| wklv lpsolfdwlrq lq wkh qh{w vhfwlrq1
58818 Uhwxuqv wr yrfdwlrqdo wudlqlqj lq Hdvw Jhupdq whuulwrulhv di0
whu wkh xqlfdwlrq
Nuxhjhu dqg Slvfknh ^4<<8` vxppdul}h hylghqfh rq wkh hduqlqjv glvwulexwlrqv lq Hdvw
dqg Zhvw Jhupdq| ehiruh dqg lpphgldwho| diwhu wudqvlwlrq1 Wkh| vkrz wkdw h{shulhqfh
surohv lq Hdvw Jhupdq| duh yhu|  dw olnh lq wkh uhvw ri FHH1 Krzhyhu/ Hdvw Jhupdq| lv wkh
rqo| iruphuo| sodqqhg hfrqrp|/ zkhuh uhwxuqv wr hgxfdwlrq kdyh gursshg lq wkh diwhupdwk
ri wudqvlwlrq1 Nuxhjhu dqg Slvfknh dovr glvfxvv hylghqfh rq mre frppxwhuv/ wkrvh Hdvw
Jhupdqv zkr irxqg mrev lq wkh zhvwhuq odqgv1 Wkh hylghqfh vkrzv wkdw wkhlu prqwko|
zdjhv duh ;6( kljkhu wkdq zdjhv ri wkh zrunhuv uhvlglqj lq wkh Hdvw/ diwhu frqwuroolqj iru
hgxfdwlrq/ h{shulhqfh/ dqg rwkhu oderu pdunhw fkdudfwhulvwlfv1
Kxqw ^4<<<` glvfxvvhv wkh ghwhuplqdqwv ri zdjh jurzwk iru Hdvw Jhupdq zrunhuv1 Xvlqj
phgldq uhjuhvvlrqv/ vkh qgv srvlwlyh hhfw rq zdjh jurzwk ri vhfrqgdu| hgxfdwlrq dqg
qhjdwlyh hhfw ri yrfdwlrqdo wudlqlqj lq 4<<304<<41 Khu hylghqfh iru wkh vxevhtxhqw +4<<40
4<<9, zdjh jurzwk/ lv lqfrqfoxvlyh1
Ghwhuplqdqwv ri zdjh jurzwk lq Jhupdq whuulwrulhv/ uhodwlyh wr edvlf dssuhqwlfhvkls















Vrxufh= ^Kxqw/ 4<<<`1 Vwdqgdug huuru lq sduhqwkhvhv1
Kxqw*v ^4<<<` hvwlpdwhv iru wkh vxevhtxhqw +4<<404<<9, zdjh jurzwk/ rq edodqfh/ duh
lqghwhuplqdwh1 Frh!flhqwv rq hlwkhu w|shv ri vfkrrolqj dowhuqdwh ehwzhhq srvlwlyh dqg qhj0
dwlyh dfurvv ydulrxv vshflfdwlrqv/ dqg iru wkh prvw sduw duh lqvljqlfdqw1 Kxqw*v ^4<<<`
hvwlpdwlrq surfhgxuh oxpsv wrjhwkhu rog dqg |rxqj zrunhuv zkrvh vnloov duh suhvxpdeo|
yhu| glhuhqw1 Lw dovr grhv qrw fruuhfw iru srwhqwldo fruuhodwlrq ri lqglylgxdo {hg hhfwv
zlwk revhuydeoh fkdudfwhulvwlfv1
Dffrxqwlqj iru wkhvh vkruwfrplqjv/ L suhvhqw hylghqfh ehorz wkdw wkh suhplxp wr yrfd0
wlrqdo wudlqlqj uhodwlyh wr jhqhudo wudlqlqj kdv ehhq srvlwlyh dqg jurzlqj iru |rxqj zrunhuv
vlqfh 4<<7/ lq frqwudvw wr zkdw kdv kdsshqhg lq rwkhu FHH frxqwulhv1
Iru hvwlpdwlrq/ L xvh gdwd iurp wkh Jhupdq Vrflr0Hfrqrplf Sdqho1 Wklv orqjlwxglqdo
krxvhkrog vxuyh| kdv ehhq frqgxfwhg lq Zhvw Jhupdq| vlqfh 4<;7> wkh vdpsoh zdv h{whqghg
wr lqfoxgh Hdvw Jhupdq uhvsrqghqwv lq 4<<31 L hvwlpdwh vwdqgdug orj0hduqlqjv uhjuhvvlrqv
iru erwk Hdvw dqg Zhvw vxevdpsohv iru |hduv 4<<504<<:1
L irfxv rqo| rq uhvsrqghqwv zlwk vhfrqgdu|0ohyho jhqhudo dqg yrfdwlrqdo wudlqlqj;1L q
dgglwlrq L uhvwulfw p| vdpsoh wr |rxqj zrunhuv eruq rq ru diwhu 4<9:/ wr frqfhqwudwh rq
uhwxuqv wr uhodwlyho| qhz ylqwdjhv ri kxpdq fdslwdo1
Wr uhpdlq lq wkh vdpsoh/ Hdvw Jhupdq zrunhuv pxvw zrun lq wkh Hdvw +dssur{lpdwho|
:( ri |rxqj uhvsrqghqwv uhvlglqj lq JGU lq 4<<3 kdyh pryhg ru duh frppxwlqj wr wkh
;Wkh| pljkw uhdvrqdeo| eh ghvfulehg dv kdylqj vlplodu lqyhvwphqw lq kxpdq fdslwdo lq whupv ri wlph1
59Zhvw,/ dqg vlploduo| iru Zhvw Jhupdq zrunhuv1 Wkh ghqlwlrqv ri wkh yduldeohv duh froohfwhg
lq Wdeoh 4 ehorz1
Yduldeoh ghqlwlrqv
Yduldeoh Ghvfulswlrq
*L}` orj jurvv hduqlqjv lq wkh prqwk ehiruh wkh lqwhuylhz
8.u. ihpdoh gxpp|
T gxpp| 'li uhvsrqghqw kdv yrfdwlrqdo
vhfrqgdu| hgxfdwlrq>
'fli jhqhudo vhfrqgdu| hgxfdwlrq
.f h{shulhqfh
Br| |hdu gxpp| 'li fxuuhqw |hdu | ' rc 'frwkhuzlvh
Wdeoh 4
4315( ri wkh Hdvwhuq vdpsoh phpehuv dqg 481;( ri Zhvwhuq vdpsoh kdyh yrfdwlrqdo
wudlqlqj ryhu wkh ohqjwk ri wkh sdqho1 Wkh vshflfdwlrq wr eh hvwlpdwhg lv







r ET ￿  Br|
L hvwlpdwh htxdwlrq +44, e| {hg hhfwv uhjuhvvlrq1 Wkh uhvxowv duh suhvhqwhg lq Wdeoh
5 ehorz1 Lqwhudfwlrq whupv ri T  gxpp| zlwk |hdu gxpplhv duh ghqrwhg e| T <[
Wkhvh whupv phdvxuh wkh suhplxp wr kdylqj yrfdwlrqdo udwkhu wkdq jhqhudo vfkrrolqj lq d
jlyhq |hdu1 Wkh rplwwhg fdwhjru| lv vhfrqgdu| hgxfdwlrq> wkh rplwwhg |hdu lv 4<<51










































Il{hg hhfwv hvwlpdwlrq zlwk |hdu gxpplhv dqg d ihpdoh gxpp|/ edvh |hdu lv
4<<5> vwdqgdug huuruv lq sduhqwkhvhv> dvwhulvnv lqglfdwh frh!flhqwv vljqlfdqw
dw 5( frqghqfh ohyho
Wdeoh 5
Wkh uhvxowv ghprqvwudwh wkdw uhodwlyh uhwxuqv wr yrfdwlrqdo vfkrrolqj kdyh jurzq lq wkh
Hdvw gxulqj |hduv 4<<504<<:1 Zdog htxdolw| whvwv ixuwkhu frqup vljqlfdqfh ri wklv jurzwk
dfurvv |hduv1 Wklv wuhqg fdqqrw eh dwwulexwhg wr wkh hgxfdwlrq0qhxwudo wlph wuhqg/ ru d wuhqg
frpprq wr erwk Hdvwhuq dqg Zhvwhuq Jhupdq whuulwrulhv1 Lq idfw/ lq wkh Zhvw/ wkhuh lv qr
vljqlfdqw suhplxp +srvlwlyh ru qhjdwlyh, dvvrfldwhg zlwk yrfdwlrqdo wudlqlqj1
Wkh uhwxuqv wr h{shulhqfh duh srvlwlyh iru zrunhuv wudlqhg lq jhqhudo vfkrrov/ dqg qhjdwlyh
iru zrunhuv zlwk yrfdwlrqdo vnloov1 Wklv fruuhodwlrq lv fohduo| gulyhq e| wkh qhjdwlyh hhfw ri
yrfdwlrqdo vfkrrolqj dftxluhg xqghu wkh rog v|vwhp1
Wdnhq wrjhwkhu/ wkh hylghqfh rq Hdvw Jhupdq| lv eurdgo| vxssruwlyh ri wkh sdwwhuq ri
dgmxvwphqw suhglfwhg e| p| wkhru|1 Wr pdnh wklv vwdwhphqw vwurqjhu uhtxluhv d pruh ghwdlohg
hpslulfdo vwxg|/ zklfk L gr qrw hqghdyru khuh1
5;9 Frqfoxvlrq
Wkh sdshu rxwolqhg d prgho ri kxpdq fdslwdo dgmxvwphqw fkdudfwhul}hg e| lqhuwld gxh wr
vhdufk iulfwlrqv1 Wkh prgho kdv lpsruwdqw lpsolfdwlrqv iru wkh ghedwh derxw hgxfdwlrq srolf|1
^Idq/ Ryhuodqg dqg Vsdjdw/ 4<<:` zruu| derxw wkh frqvhtxhqfhv ri ghod|hg uhvwuxfwxulqj iru
lqwhujhqhudwlrqdo kxpdq fdslwdo wudqvplvvlrq1 Wkh| lqwhusuhw uhfhqw Uxvvldq hylghqfh dv
vxjjhvwlqj wkdw qhz oderu irufh hqwudqwv duh qrw dv vnloohg dv ehiruh1 Wkdw ohdgv wkhp wr
frqfoxgh wkdw wkh txdolw| ri oderu irufh lv ghwhulrudwlqj dqg wkh uhvxpswlrq ri jurzwk lv
vhulrxvo| wkuhdwhqhg1 Dffruglqj wr p| prgho/ wklv qhhg qrw eh wkh fdvh1 Shrsoh lqyhvwlqj
lq kxpdq fdslwdo zhljk dgydqwdjhv dqg gudzedfnv ri qduurz vshfldol}dwlrq dqg pd| ghflgh
lqvwhdg wr dftxluh eurdg vshfldol}dwlrq1 Qrw rqo| lw lv rswlpdo iru wkhp wr gr vr/ lw dovr
ehqhwv wkh vrflhw|/ ehfdxvh wkh idvwhu wkh fulwlfdo pdvv ri Mdfnv ri doo wudghv lv dffxpxodwhg/
wkh idvwhu wkh hqwudqfh ri qhz gde kdqgv zloo ehjlq1 Lw lv wkhuhiruh frxqwhusurgxfwlyh wr
vxssruw wkrvh hogv ri hgxfdwlrq wkdw duh xqghu0uhsuhvhqwhg vlqfh wkh| duh olnho| wr lqfuhdvh
plvpdwfk dqg ghod| wkh surfhvv ri dgmxvwphqw1
Wkh sdshu ixuwkhu suhvhqwhg furvv0frxwu| hylghqfh rq Hdvw Jhupdq| dqg rwkhu FHH
frxqwulhv/ wkdw lv lqglfdwlyh ri wkh hhfwv lpsolhg e| wkh wkhru|1 Hdvw Jhupdq| fdq eh
uhjdughg dv dq rxwolhu zlwk wkh vshhglhvw dgmxvwphqw exw kljkhvw wudqvlwru| xqhpsor|phqw>
wklv idfw fdq eh h{sodlqhg e| p| prgho1
Dw wkh vdph wlph wkh F}hfk Uhsxeolf/ vrphwlphv flwhg dprqj wkh prvw vxffhvvixo wudq0
vlwlrq hfrqrplhv lq whupv ri xqhpsor|phqw/ pd| vhuyh dv dq h{dpsoh ri d frxqwu| zkrvh
jurzwk lv vwloo khog edfn e| lqhuwld1 Erhul ^4<<<` suhvhqwv d wkhru| ri k|vwhuhvlv wkdw h{sodlqv
wkh orzhvw xqhpsor|phqw udwh dprqj doo FHH frxqwulhv e| orzhu xqhpsor|phqw ehqhwv dw
wkh vwduw ri wudqvlwlrq1 Exw F}hfk rxwsxw dovr juhz dw d vorzhu udwh wkdq wkh qhljkeruv*1 P|
prgho fdq dffrxqw iru wkhvh glvfuhsdqflhv1 Li xqhpsor|phqw fxvklrq lv devhqw/ wudqvlwlrq ri
wkh hfrqrp| lv ghod|hg1 Lqghhg/ P qlfk hw do1 ^4<<;` vxjjhvw wkdw ghod|hg uhvwuxfwxulqj pd|
eh uhvsrqvleoh iru orzhu xqhpsor|hphqw lq wkh F}hfk Uhsxeolf1
Qrqh ri wkh h{lvwlqj hpslulfdo vwxglhv h{soruh v|vwhpdwlfdoo| wkh glhuhqfhv dqg fkdqjhv
lq oderu pdunhw survshfwv ri zrunhuv zlwk jhqhudo dqg vshfldo vnloov1 P| prgho surylghv d
iudphzrun wr dqdo|}h wkhvh txhvwlrqv lq d vwuxfwxuhg zd|1
Odvwo|/ suhglfwlrqv ri wkh prgho pd| dovr eh uhohydqw lq pruh jhqhudo frqwh{wv/ lq dq|
frxqwu| h{shulhqflqj dq dgmxvwphqw ri lwv oderu irufh wr d odujh whfkqrorj|/ rujdql}dwlrq/
ru ghpdqg vkrfn1 Lq wkh frqwh{w ri shuvlvwhqw WIS glhuhqwldov dfurvv frxqwulhv/ vrph
h{sodqdwlrqv ^Dfhprjox dqg ]lolerwwl/ 4<<;` kdyh hpskdvl}hg yhu| glvvlplodu hqgrzphqwv
ri vnloov dfurvv frxqwulhv1 P| prgho fdq khos h{sodlq zk| wkhvh glvwulexwlrqv h{klelw odfn
ri frqyhujhqfh1 Lw fdq dovr dffrxqw iru wkh X0vkdshg Nx}qhwv fxuyh ^Nx}qhwv/ 4<88` erwk
dfurvv frxqwulhv dqg ryhu wlph1
D Dqdo|wlfdo iudphzrun dqg surriv ri sursrvlwlrqv
Dsshqglfhv frqwdlq wkh irupdo sduw ri wkh dqdo|vlv1 Dsshqgl{ D exlogv wkh vwrfkdvwlf
iudphzrun iru wkh dqdo|vlv ri oderu pdunhw wudqvlwlrqv dqg suryhv sursrvlwlrqv ri vhfwlrq 7181
Dsshqgl{ E dqdo|}hv h!flhqf| ri dgmxvwphqw/ irfxvlqj rq wkh rswlpdolw| ri vshfldol}dwlrq
wkuhvkrog1 Dsshqgl{ F frqwdlqv surriv ri dx{loldu| uhvxowv1
5<D14 Wudqvlwlrqv dfurvv wkh hpsor|phqw vwdwhv/ wkh jhqhudwru pd0
wul{/ dqg wkh ydoxh ixqfwlrq
Wkhuh duh d wrwdo ri 45 srvvleoh Pdunry vwdwhv lq zklfk dq djhqw fdq gzhoo lq dq| prphqw






zrunlqj lq sdlu zlwk w|sh 4
zrunlqj lq sdlu zlwk w|sh 5
zrunlqj lq sdlu zlwk w|sh 6
Ghihuulqj iru d prphqw wkh srvvlelolw| ri fkdqjlqj rzq w|sh/ ohw xv ghvfuleh wkh wudqvlwlrq
p d w u l {i r udz r u n h ur idjlyhq w|sh +wkxv irfxvvlqj rq wudqvlwlrqv ehwzhhq mxvw 7 vwdwhv,1
Wkh g|qdplf vwuxfwxuh lv d frqwlqxrxv0wlph Pdunry surfhvv1 Rqh pd| qrwh wkdw wklv lv d
jhqhudol}hg Srlvvrq surfhvv zlwk wlph0ydu|lqj sdudphwhuv +ehfdxvh ^￿ fkdqjh ryhu wlph,1 Wkh
suhylrxv mre klvwru| grhv qrw pdwwhu iru wkh survshfwv ri qglqj ru pdlqwdlqlqj d zrunlqj
pdwfk/ rqo| wkh fxuuhqw vwdwh pdwwhuv1 Zh zloo lqgh{ wkh vwdwh e| Ecc zkhuh  ' c2c
dqg  'f cc2cc zlwk  vwdqglqj iru rzq w|sh/ dqg  iru hpsor|phqw vwdwh1 Iru h{dpsoh
E2cf ghqrwhv dq xqhpsor|hg zrunhu ri w|sh 51
Pdunry surfhvv lv vshflhg e| lwv wudqvlwlrq ixqfwlrq  ErcEcc|cE￿c￿ Vlqfh zh kdyh
d qlwh qxpehu ri vwdwhv/ wklv lv d pdwul{ e  e Wr frpsxwh lw/ zh uvw zulwh grzq wkh
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Zh pd| vlpsoli| wklv e| qrwlqj wkdw ^￿ n ^2 n ^￿  CE| ydulhv ryhu wlph ehfdxvh ^￿ gr1
Lq wkh jhqhudwru pdwul{/ duulydo ri d wudlqlqj rssruwxqlw| lv dffrxqwhg iru e| d wudqvlwlrq
udwh 41 Zkhuh grhv wkh wudqvlwlrq rffxu lv wkh ghflvlrq yduldeoh ri wkh djhqw/ wkxv vrph









Wklv sduwlwlrqhg irup jlyhv phdqlqj wr h{suhvvlrq +45,1 Wkh vwuxfwxuh ri pdwul{ C lv ehvw
<Wkh phdqlqj ri wkh vxevfulsw ll zloo ehfrph fohdu vkruwo|1 Wklv lqglfdwhv wkdw Jll lv d vxepdwul{ ri d
odujhu pdwul{ 45  45 ghvfulelqj wudqvlwlrqv ehwzhhq doo 45 vwdwhv1
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Pdwulfhv C2￿cC ￿￿cC ￿2c dowkrxjk qrw uhvwulfwhg wr }hur lq wkh prgho/ zloo eh vr rq
htxloleulxp sdwk/ ehfdxvh qr zrunhu zloo ghvluh wr grzqjudgh rqh*v rzq w|sh1 Doo }hur
hohphqwv h{fhsw wkh wrs0ohiw rqh lq pdwul{ C2￿ lqglfdwh wkdw wkhuh duh qr srwhqwldo wudqvlwlrqv
ehwzhhq w|sh 5 dqg w|sh 6 rwkhu wkdq wkurxjk xqhpsor|phqw srrov1 4b dqg 4E  b lq wrs
ohiw hohphqwv ri C￿2cC ￿￿ lqglfdwh wkdw lq vwdwh Ecfc zkhq d wudlqlqj rssruwxqlw| duulyhv/
zrunhu udqgrpl}hv ehwzhhq fkrrvlqj w|sh 5 dqg w|sh 6 zlwk suredelolwlhv bc b Djdlq/ C
lq +46, lv mxvw d sduwlfxodu h{dpsoh ri krz wklv pdwul{ pd| orrn/ jlyhq djhqwv* fkrlfhv1 Wklv
vdpsoh pdwul{ dovr vd|v wkhuh lv qr glvfulplqdwlrq lq pdwfklqj ghflvlrqv1 Hyhu|rqh pdwfkhv
zlwk hlwkhu w|sh dv lpsolhg e| qrq0}hur wudqvlwlrq udwhv lqwr doo vwdwhv Ec
Wkh wudqvlwlrq pdwul{ lv wkhq jlyhq e|






Li C glg qrw ydu|/ wklv zrxog vlpsoli| wr  Erc|'eE|3r￿Cc zkhuh pdwul{ h{srqhqwldo lv
ghqhg dv frqyhujlqj vhulhv e￿ ' U n  n ￿2
2 n ￿￿
￿- n 
Ohw TEr eh d urz yhfwru jlylqj wkh suredelolw| glvwulexwlrq ryhu hpsor|phqw vwdwhv dw
wlph r Zh vwduw wkh surfhvv dw wlph 3 iurp wkh vwdwh Ec +doo zrunhuv duh ri w|sh 4 dqg wkhuh





Zh ghqrwh lwv hohphqwv e| RE￿c￿￿Er zklfk fruuhvsrqg wr wkh suredelolw| ri vwdwh Ec
Dv lpsolhg e| wkh irup ri wkh jhqhudwru pdwul{/ L zloo xvh wkh iroorzlqj frqyhqwlrq
zkhq uhihuhqflqj wkh hohphqwv ri wkh ghulyhg wudqvlwlrq pdwul{= E￿c￿￿<E&c?￿ Erc| vshflhv wkh
hohphqw zlwk urz lqgh{ E    n dqg froxpq lqgh{ E&    n? +suredelolw| ri
wudqvlwlrq iurp vwdwh Ec lq shulrg r wr vwdwh E&c? lq shulrg |
Ilqdoo|/ L hqgrz zrunhuv zlwk dq dgglwlrqdo fkrlfh yduldeoh= ￿￿ Li ￿￿ ' / zrunhu ri w|sh
 djuhhv wr vwd| lq surgxfwlyh sduwqhuvkls zlwk w|sh  zrunhu1 Li ￿￿ 'f c zh vd| wkdw w|sh
 ghflghv qrw wr pdwfk zlwk  +ghfuhdvlqj/ reylrxvo|/ rqh*v suredelolw| ri qglqj d pdwfk,1
Reylrxvo|/ zkdw lv lpsruwdqw iurp wkh ylhzsrlqw ri dq djhqw/ lv qrw zkr ghflghv wr euhdn
d pdwfk/ rqhvhoi ru wkh rwkhu sduw| lq wkh sduwqhuvkls1 Zkdw pdwwhuv lv zkhwkhu vrphrqh
64euhdnv wkh pdwfk dw doo1 Khqfh lw lv wkh surgxfw ￿￿￿￿  ￿￿ wkdw lv uhohydqw/ dqg wkh jhqhudo








￿’￿ ^￿￿￿ 6^￿￿￿ 6^2￿2 6^￿￿￿
B￿￿ B￿￿ ff






Zh dvvxph wkdw zkhq d w|sh  zrunhu vhwv rqh*v ￿￿ 'fzkloh vwloo hpsor|hg zlwk w|sh c
vkh2kh wudqvlwv lqwr wkh xqhpsor|phqw vwdwh lqvwdqwo| dw zloo1
Iru h{dpsoh d w|sh 5 zrunhu zkr dyrlgv pdwfkhv zlwk w|sh 4 zrunhu dqg lv dw wkh vdph
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Lw lv qrz wlph wr vshfli| sd|rv uhfhlyhg e| djhqwv dorqj wkhlu zrunlqj klvwru|1 L ghqrwh
e| ￿￿ w k hz d j hs d l gw r lq d pdwfk Ec1 Lq zkdw iroorzv L zloo dvvxph iru vlpsolflw| wkdw
d sdlu ri zrunhuv vlpso| vsolw wkhlu rxwsxw hyhqo|=
￿￿ ' ￿￿ ' +￿￿*2
5 ghqrwhv wkh  rz uhwxuq wr xqhpsor|hg djhqwv1 Iru xqliruplw| L zloo vrphwlphv xvh
dowhuqdwlyh qrwdwlrq ￿f ' 5 Wklv doorzv wr ghqh wkh zdjh yhfwru=
 '

￿f ￿￿ ￿2 ￿￿m 2f 2￿ 22 2￿m ￿f ￿￿ ￿2 ￿￿
￿ 
Frqfoxglqj wklv vhfwlrq L zulwh grzq wkh h{suhvvlrq iru wkh glvfrxqwhg h{shfwhg xwlolw|
+ydoxh ixqfwlrq, ri dq djhqw ri w|sh  zrunlqj zlwk w|sh  +ru xqhpsor|hg li  'f dw wlph
r/ T￿￿ Er1 Reylrxvo|/ lw lv d ixqfwlrq ri wkh vwdwh Ec1 Wkh h{shfwhg lqvwdqwdqhrxv xwlolw| dw
prphqw | jlyhq wkh lqlwldo frqglwlrqv lv jlyhq e|
S
E&c?￿  ErcEcc|cE&c?&? Lqwhjudwlqj















65D15 Rswlpdo ghflvlrq wkuhvkrogv
Wkh suhfhglqj vhfwlrq kdv vshflhg wkdw djhqwv rqo| kdyh iuhhgrp lq fkrrvlqj wkhlu w|sh
zkhq d wudlqlqj rssruwxqlw| duulyhv dqg lq dffhswlqj ru sdvvlqj rwkhu w|shv ri djhqwv zkhq

























zkhuh _￿￿ lv d xqlw yhfwru wkdw kdv doo }hur frruglqdwhv h{fhsw frruglqdwh E    n
Fohduo|/ wkh rswlpdo ghflvlrq ri dq lqglylgxdo lq wkh prgho ghshqgv rq wkh dfwlrqv ri wkh
rwkhu djhqwv +uh hfwhg lq wkh jhqhudwru pdwul{ C> krzhyhu/ wkh lqglylgxdo vkrxog rqo| eh
frqfhuqhg zlwk wkh djjuhjdwhv1 Iluvw/ wkh sursruwlrqv ri w|shv lq xqhpsor|phqw ^￿c^ 2c^ ￿
ghshqg rq wkh sdvw dfwlrqv ri wkh rwkhu djhqwv1 Vhfrqg/ ￿￿ ghshqg rq wkh rwkhuv* fxuuhqw
pdwfklqj fkrlfh1 Iru doo djhqwv ri w|sh / rswlpdo fkrlfh ￿￿ lv wkh vdph dqg xqltxh1 Wkxv/
^￿c^ 2c^ ￿ dqg ￿￿ duh wkh djjuhjdwhv wkdw lq xhqfh wkh xwlolw| ri wkh djhqw1
D16 Htxloleulxp wkuhvkrogv
Wkh vwrfkdvwlf surfhvv wkdw jryhuqv wudqvlwlrqv ehwzhhq Pdunry vwdwhv iru hdfk djhqw lv
jhqhudol}hg Srlvvrq surfhvv zlwk wlph0ydu|lqj sdudphwhu1 Wkh djhqw kdv frqwuro ryhu vrph
ri wkh sdudphwhuv ri wkh wudqvlwlrq pdwul{ +iru h{dpsoh/ e| ghflglqj wr dyrlg zrunlqj zlwk
zrunhuv ri w|sh 4/ w|sh 5 zrunhu fkdqjhv wkh  rz udwhv lqwr wkh vwdwh zrunlqj zlwk djhqw ri
w|sh 4,1 Wklv frqwuro lv hvvhqwldoo| elqdu|  dw hdfk srlqw lq wlph/ li dq rssruwxqlw| duulyhv/
dq djhqw lv iuhh wr fkrrvh zkhwkhu wr wdnh ru qrw vrph dfwlrq1
Wkh prvw lqwhuhvwlqj wkuhvkrog lv wkh vshfldol}dwlrq wkuhvkrog/ T2f Er'T￿f Er Exw
zkdw duh wkh srolflhv +jhqhudwru pdwulfhv, dvvrfldwhg zlwk wkhvh xwlolwlhvB Iru wklv wr eh d
wkuhvkrog/ wkh jhqhudwru pdwul{ vkrxog lq erwk fdvhv suhvfuleh wkdw xsrq duulydo ri d wudlqlqj
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Lq wkh uhpdlqghu ri wklv vhfwlrq zh zloo ljqruh wkh luuhohydqw eorfnv wr wkh qruwk dqg wr wkh
zhvw/ dqg frqfhqwudwh rq wkh H  H vrxwk0hdvwhuq eorfn ri wklv pdwul{1
66H{suhvvlqj T2f Er dqg T￿f Er dv lq +48, dqg xvlqj pdwul{ CEr g h  q h gd e r y hz hr e w d l q















Lq htxloleulxp doo djhqwv* wkuhvkrogv frlqflgh ehfdxvh wkh| duh v|pphwulf/ dqg lq dgglwlrq
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3oE|3r￿E_2cf  _￿cf Erfc|_| 'f  +4<,
L vwxg| wkh iroorzlqj rwkhu wkuhvkrogv= rJKr ' ? ui|m2￿ E|'f j +wkh revrohvfhqfh wkuhvk0
rog,/ r?e}JKr ' tTi|m2￿ E|'f jcr re} ' ?u i|m￿2 E|'f j +wkh vhjuhjdwlrq wkuhvkrog,
D1614 Revrohvfhqfh wkuhvkrogv
Zrunhuv ri w|sh 5 zloo suhihu wr iruhjr d pdwfk zlwk w|sh 4 li ehlqj xqhpsor|hg dqg




3oE|3r￿E_2c￿  _2cf Erfc|_| 'f  +53,
Zrunhuv ri w|sh 5 pd| odwhu uhyhuw wr pdwfklqj zlwk w|sh 4/ dqg wkh prphqw wkh| gr vr/
r?e}JKrc vdwlvhv wkh vdph frqglwlrq +:,1
D1615 Vhjuhjdwlrq wkuhvkrog
Prphqw rre} lv zkhq wkh qhz vshfldolvwv +w|sh 6, vwduw dyrlglqj pdwfkhv zlwk w|sh 51 Lw




3oE|3r￿E_￿c2  _￿cf ErJKrc|_| 'f  +54,
67D17 Frpsdudwlyh g|qdplfv lq ghwdlo
Sursrvlwlrqv ehorz duh suryhg lq wkh sduwldo htxloleulxp vhwwlqj/ l1h1 xqghu wkh dvvxps0
wlrq wkdw rwkhu wkuhvkrogv gr qrw fkdqjh1 Wkhruhp 4 wkhq suryhv wkdw wkh wkuhvkrogv duh
vxshuprgxodu ^Wrsnlv/ 4<<;`1 Vxshuprgxodulw| hqvxuhv wkdw vljqv ri doo sduwldo htxloleulxp
hhfwv duh suhvhuyhg lq jhqhudo htxloleulxp1 Wkhuhiruh/ doo sursrvlwlrqv ehorz krog xqfrqgl0
wlrqdoo|1
Sursrvlwlrq 51 D ghfuhdvh lq 2￿ ohdgv wr hduolhu vshfldol}dwlrq wdnhr/ hduolhu dqg
orqjhu lvrodwlrq ri w|sh 4 zrunhuv1 Dowkrxjk wkhuh lv qr gluhfw hhfw ri 2￿ rq wkh vhjuhjdwlrq
wkuhvkrog/ wkh jhqhudo htxloleulxp hhfw lv qhjdwlyh1


























3oE|3r￿E2cf￿<E2c￿￿ Erfc|_| : fc
vlqfh E2cf￿<E2c￿￿  fc E￿cf￿<E2c￿￿  f43 Wkhuhiruh/ dq lqfuhdvh lq 2￿ zloo ohdg wr d vkliw lq wkh
uhodwlyh dwwudfwlyhqhvv vfkhgxoh ET2f  T￿f xszdug/ dw dq| jlyhq ^2 ghfuhdvlqj wkh lqfhqwlyh
wr vshfldol}h1 Rq wkh rwkhu kdqg/ d uhgxfwlrq lq 2￿ kdv dq rssrvlwh hhfw/ vr vshfldol}dwlrq
wdnhv r hduolhu1












E2c￿￿<E2c￿￿ ErJKrc|  E2cf￿<E2c￿￿ ErJKrc|

_|
E| wkh jhqhudo surshuw| ri Pdunry fkdlqv zlwk d vwdwlrqdu| glvwulexwlrq/ E2c￿￿<E2c￿￿ Ec|
lv ghfuhdvlqj lq | iurp 4/ zkloh E2cf￿<E2c￿￿ Ec| lv lqfuhdvlqj iurp 3/ vr wkh ghulydwlyh lv
srvlwlyh1
Wkhuh lv qr sduwldo htxloleulxp hhfw rq wkh vhjuhjdwlrq wkuhvkrog rre}/ dv wkh ghulydwlyh
ri frqglwlrq +54, z1u1w1 2￿ lv }hur1

Sursrvlwlrq 61 Dq lqfuhdvh lq xqhpsor|phqw ehqhw 5 ohdgv wr hduolhu vshfldol}dwlrq/
hduolhu lvrodwlrq ri w|sh 4/ dqg hduolhu vhjuhjdwlrq ri w|sh 6 zrunhuv1



















E2cf￿<E2cf￿ n E2cf￿<E￿cf￿  E￿cf￿<E￿cf￿
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43Vlqfh suredelolw| ri grzqjudglqj iurp w|sh 6 wr w|sh 5 lv }hur1





wkh suredelolw| wkdw dq xqhpsor|hg zrunhu ri w|sh 5 dw wlph rf zloo uhpdlq xqhpsor|hg
+ri dq| w|sh,1 Wkhvh rggv duh orzhu wkdq iru w|sh 6 xqhpsor|hg zrunhu/ ehfdxvh wkh  rz





dqg E￿cf￿<E￿cf￿ duh gulyhq e| wkh frqwlqxrxv
Pdunry surfhvv1 Lq wkh jhqhudwru pdwul{ vwdwh E2cf kdv kljkhu devroxwh rxw rz udwh iurp
xqhpsor|phqw 6 frpsduhg wr 6E^2 n ^￿ lq vwdwh Ecf +fi1 pdwul{ lq +49,,1 Pdwul{  lv




 E| wkh prqrwrqlflw| ri wkh pdwul{ h{srqhqwldo z1u1w1 hohphqwv/
E2cf￿<E2cf￿ n E2cf￿<E￿cf￿ 	 E￿cf￿<E￿cf￿












E2c￿￿<E2cf￿  E2cf￿<E2cf￿ n E2c￿￿<E￿cf￿  E2cf￿<E￿cf￿

_| 	 f
Vlploduo| wr wkh dujxphqw deryh/ E2c￿￿<E2cf￿ 	 E2cf￿<E2cf￿c E2c￿￿<E￿cf￿ 	 E2cf￿<E￿cf￿c dqg vr
wkh hhfw lv qhjdwlyh1
















Sursrvlwlrq 71 Dq lqfuhdvh lq wudlqlqj rssruwxqlw| duulydo udwh 4 kdv dq dpeljxrxv
hhfw rq wkuhvkrog h{suhvvhg lq whupv ri ^21 Wkh lqfhqwlyh hhfw lv srvlwlyh/ zkloh wkh vshhg
hhfw lv qhjdwlyh1














































































































































L glvwlqjxlvk ehwzhhq wkh lqfhqwlyh hhfw dqg wkh vshhg hhfw ri d fkdqjh lq 4 Whup K
frphv iurp ydu|lqj wkh lqglylgxdo ghflvlrq ri wkh djhqw zkhwkhu wr wudqvlw ru qrw lqwr vwdwh
Ecf xsrq duulydo ri d wudlqlqj rssruwxqlw|1 L fdoo wklv wkh lqfhqwlyh hhfw ri d fkdqjh lq 41
Whup \ dsshduv ehfdxvh wkh djjuhjdwh g|qdplfv ri wkh srsxodwlrq ghshqgv rq 41 Lqwxlwlyho|/
pruh djhqwv ri w|sh 4 ehfrph hlwkhu w|sh 5 ehiruh wkh wkuhvkrog/ ru w|sh 6 diwhu wkh wkuhvkrog1
Dv d uhvxow ri kljkhu 4/ wudqvlwlrq vshhgv xs1 L fdoo wklv wkh vshhg hhfw ri d fkdqjh lq 4
Vwulfwo| vshdnlqj/ erwk lqfhqwlyh dqg vshhg hhfwv kdyh wr gr zlwk lqfhqwlyhv ri dq djhqw wr
vshfldol}h/ exw wklv glvwlqfwlrq doorzv wr ghfrpsrvh wkh wrwdo hhfw lq dq lqwxlwlyh zd|1













3oE|3rf￿ET￿f  T2f_| : f
Wkh lqfhqwlyh hhfw lv srvlwlyh1











Wkh vshhg hhfw rq wkh wkuhvkrog lv qhjdwlyh1 Qrwlfh wkdw wkh vshhg hhfw lq lwvhoi
fdq eh ghfrpsrvhg lqwr wzr frpsrqhqwv/ hhfw ri wkh sdvw dqg ri wkh ixwxuh1 Ehwwhu ixwxuh
survshfwv gxh wr kljkhu 4 lpso| orzhu wkuhvkrog lq whupv ri ^2c zkloh kljkhu vshhg ri wudqvlwlrq
lq wkh sdvw lpsolhv wkdw dq| {hg wkuhvkrog zloo eh dfklhyhg idvwhu1 Xvlqj ohppd 5/ dqg











E1  #eb2|  E# n 1eb￿|
21 Eeb2|  eb￿|
^￿|c
6:zklfk lv hyhu|zkhuh qhjdwlyh1 Wklv lv yhu| lqwxlwlyh/ vlqfh kljkhu rxw rz lqwr w|sh 5 uhgxfhv
wkh sursruwlrq ri w|sh 4 lq xqhpsor|phqw/ ^￿c dw doo wlphv1
Zh kdyh vhhq wkdw wkh lqfhqwlyh dqg vshhg hhfwv ri kljkhu 4 duh ri rssrvlwh vljqv1 Lw lv
lpsrvvleoh wr whoo d sulrul zklfk ri wkh hhfwv zloo grplqdwh1 Rqh pd| vwloo vshfxodwh wkdw
zkhq wkh uhwxuqv wr vshfldol}dwlrq duh yhu| kljk/ E+￿￿  2+2￿ n +22   fc wkh vshhg hhfw lv
olnho| wr grplqdwh/ dqg wkh wrwdo hhfw ri d fkdqjh lq 4 rq +4<, lv qhjdwlyh/ lpso|lqj orzhu
vshfldol}dwlrq wkuhvkrog lq whupv ri ^2 
Sursrvlwlrq 81 Dq lqfuhdvh lq mre ghvwuxfwlrq udwh B ohdgv wr srvwsrqhg vshfldol}dwlrq
wdnhr= rf lqfuhdvhv1
Surri1 Dq lqfuhdvh lq B dfwv wkurxjk h{shfwdwlrq ri orqjhu xqhpsor|phqw vshoov lq wkh
ixwxuh dqg vorzhu wudqvlwlrq1 Vlploduo| wr wkh suhfhglqj surri/ glhuhqwldwh wkh lqwhjudqg ri



























YB : f diwhu wkh








Dq lqfuhdvh lq B vkliwv wkh uhodwlyh dwwudfwlyhqhvv vfkhgxoh ET2f  T￿f xszdug/ dw dq|
jlyhq ^￿ ghfuhdvlqj wkh lqfhqwlyh wr vshfldol}h1 Vhsdudwlqj wkh hhfw ri wkh sdvw lv djdlq











2 n BE6  4
B1
2 n
E1 n eb￿| nE 1  eb2|




zkhuh  '2 6 n B  24c 1 :  D jhqhurxv vx!flhqw frqglwlrq iru wklv ghulydwlyh wr eh
srvlwlyh lv 6:4 Wkxv wkh hhfw ri kljkhu B lv dozd|v srvlwlyh1
Sursrvlwlrq 91 Dq lqfuhdvh lq pdwfklqj udwh 6 kdv d qhjdwlyh lqfhqwlyh hhfw rq
wkh vshfldol}dwlrq wkuhvkrog wr ehw rq w|sh 6> d vx!flhqw frqglwlrq iru wkh vshhg hhfw wr eh
qhjdwlyh lv wkdw kdoi ri wkh xqhpsor|hg srsxodwlrq uhpdlqv ri w|sh 4 dw wkh wkuhvkrog1



























dET￿￿  T￿f  ET2￿  T2￿o 
Y^2
Y6
dET￿2  T￿f  ET22  T2￿o

'Kn\
6;Wr vkrz wkdw wkh lqfhqwlyh hhfw/ jdxjhg e| K/ lv srvlwlyh/ uhfdoo wkh Ehoopdq dvvhw ydoxh
htxdwlrqv iru wkh xqhpsor|phqw vwdwhv=
oT2f ' 5 n
[
￿
6^￿2￿ ET2￿  T2fn
u
T 2fc +58,
oT￿f ' 5 n
[
￿
6^￿￿￿ ET￿￿  T￿fn
u
T ￿f +59,













































3oE|3rf￿ET2f  T￿f_| 	 f
Wkh odvw htxdolw| iroorzv ehfdxvh T2f Erf'T￿f Erf e| wkh ghqlwlrq ri wkh wkuhvkrog rf Wkh
lqwhjudo frqyhujhv ehfdxvh T￿￿ lv erxqghg iurp deryh1 Vxppdul}lqj/ wkh lqfhqwlyh hhfw ri
d ghfuhdvh lq pdunhw iulfwlrqv ohdgv wr hduolhu vshfldol}dwlrq1






Y6 	 f diwhu wkh
wkuhvkrog1 Wkhuhiruh/ e| ohppd 7/ vxevwlwxwlqj 6 iru %c wkh vshhg hhfw/ \/ lv dovr qhjdwlyh1
Wkxv/ erwk wkh vshhg dqg wkh lqfhqwlyh hhfwv ri dq lqfuhdvh lq 6 ohdg wr hduolhu vshfldo0
l}dwlrq ghflvlrq1 Lq whupv ri ^2c wkh wkuhvkrog ghfuhdvhv1 Krzhyhu/ lw pd| wdnh pruh wlph wr












nE 2 6 n B|








Wkhruhp 4 Wkuhvkrogv rfcr JKrcr re} duh vxshuprgxodu1 D vkliw lq hlwkhu wkuhvkrog ohdgv wr
vkliwv lq rwkhu wkuhvkrogv lq wkh vdph gluhfwlrq1 Wkhuhiruh/ wkh vljqv ri sduwldo dqg jhqhudo
htxloleulxp hhfwv rq wkuhvkrogv rfcr JKrcr re}c frlqflgh1
L vxppdul}h wkh vxshuprgxodulw| ri wkuhvkrogv e| phdqv ri wdeoh 61 Lwv hohphqwv frqwdlq





rf  f*nn *n
rJKr f*n  f2n
rre} f*nf *f 
Wdeoh 6
L zloo ghprqvwudwh wkh vljq ri wkh lqfhqwlyh hhfw ri dq lqfuhdvh lq rre} rq rf Vlploduo|
wr dsshqgl{ E/ L shuwxue wkh uhodwlyh dwwudfwlyhqhvv vfkhgxoh ET2f  T￿f e| lqfuhdvlqj rre}
e| vpdoo / dqg wdnh wkh olplw ri wkh yduldwlrq=
*4
￿￿f
ET2f  T￿f 
















Lqwxlwlyho|/ zkhq w|sh 6 zrunhuv ghihu vhjuhjdwlrq/ lw pdnhv olih ri w|sh 5 zrunhuv ohvv kd}0
dugrxv/ khqfh vshfldol}dwlrq lv srvwsrqhg1
L suryh irupdoo| wkh vljqv ri wkh vshhg hhfwv ri d fkdqjh lq rf rq rre} dqg rJKr Iru



























ET￿f  T￿￿_| : fc
dv
Y^￿E|￿
































dqdorjrxvo| wr wkh surri ri ohppd 81
Wkh lqwxlwlrq ehklqg wkhvh uhvxowv lv wkdw wkh odwhu wkh vshfldol}dwlrq wkuhvkrog/ wkh orzhu
wkh sursruwlrq ri w|sh 6 zrunhuv lq wkh xqhpsor|phqw zloo eh1 Wklv pdnhv vhjuhjdwlrq ohvv
73ghvludeoh iru w|sh 6 zrunhuv/ dqg uhgxfhv wkh rssruwxqlw| frvwv iru w|sh 5v ri pdwfklqj zlwk
w|sh 4/ srvwsrqlqj lvrodwlrq ri wkh odwwhu1
Wkh uhvw ri wkh vshhg hhfwv lq wkh wdeoh 6 duh suryhg lq wkh vdph zd|1
Odwhu lvrodwlrq ri w|sh 4 zrunhuv ghfuhdvhv wkh sursruwlrq ri w|sh 5 zrunhuv lq wkh xq0
hpsor|phqw/ zklfk pdnhv vshfldol}dwlrq ohvv dwwudfwlyh1
Odwhu vhoi0vhjuhjdwlrq ri w|sh 6 zrunhuv uhgxfhv wkh  rz ri w|sh 5 zrunhuv lqwr uhwudlqlqj/
wkhuhe| uhgxflqj ^￿ dorqj wkh sdwk/ dqg pdnlqj vshfldol}dwlrq dqg lvrodwlrq ohvv dwwudfwlyh1

EH ! f l h q f |
E1314 Vrfldoo| rswlpdo wkuhvkrog
Frqvlghu d vrfldo sodqqhu zkr zrxog eh deoh wr glfwdwh djhqwv zkdw nlqg ri wudlqlqj wr
xqghuwdnh/ dqg ryhuvhh wkh vhsdudwlrq ghflvlrqv lq lqglylgxdo zrunsodfh1 Wkhq wkh frqwurov
ri wkh sodqqhu duh wkh hohphqwv ri wkh jhqhudwru pdwul{ wkdw fruuhvsrqg wr wudqvlwlrqv iurp
rqh w|sh wr dqrwkhu dqg wr pdwfklqj fkrlfh1 Htxlydohqwo| sxw/ wkh vrfldo sodqqhu fdq fkrrvh
wkh vshfldol}dwlrq wkuhvkrog dv zhoo dv rwkhu wkuhvkrogv1
Wkh remhfwlyh ixqfwlrq ri wkh sodqqhu lv wkh wrwdo zhoiduh1 Vlqfh lq wklv prgho xwlolw| lv
wudqvihuudeoh/ lw lv sduwlfxoduo| hdv| wr irupxodwh vwduwlqj lq shulrg 3 zkhq doo djhqwv duh ri






Vxssrvh zh irxqg wkh vrfldoo| rswlpdo vshfldol}dwlrq wkuhvkrog/ rW Wkh zhoiduh dv frpsxwhg













c dqg C lv dv lq +4;,1
Frqvlghu d yduldwlrq lq vrfldo sodqqhu*v srolf| dw wlph rW wkdw srvwsrqhv wkh vshfldol}dwlrq
wdnhr iru d vkruw shulrg  Wklv yduldwlrq lv vxppdul}hg e| dq dowhuqdwlyh jhqhudwru pdwul{
Mc zklfk suhvfulehv wkdw hyhu|rqh zkr jhwv d wudlqlqj rssruwxqlw| fkrrvh w|sh 5 lq wkh wlph












3E6^￿ n 6^2 n 4￿ 6^￿ 6^2 f
B 3B ff











366 ^ ￿ 6^2 6^￿
B 3B ff







36E^2 n ^￿￿f6^2 6^￿
ff f f







































Frpsxwh wkh glhuhqfh ehwzhhq ` ErW dqg  ` ErW dqg glylgh e| =







































Iru  dssurdfklqj }hur/
U rWn￿



















WdU n M Er







Wklv pdjqlwxgh lv ri wkh rughu JE Frqvlghu qrz wkh vhfrqg sduw ri








































































































Dw wkh frppdqg rswlpxp/ d vpdoo ghyldwlrq vkrxog qhlwkhu lqfuhdvh qru ghfuhdvh zhoiduh/
vr htxdwlqj +5:, wr }hur jlyhv xv wkh frqglwlrq rq wkh vrfldoo| rswlpdo vshfldol}dwlrq wkuhvkrog1
75E1315 Frpsdulvrq zlwk wkh ghfhqwudol}hg htxloleulxp
Lq rughu wr vd| zkhwkhu wkh ghfhqwudol}hg htxloleulxp lv h!flhqw/ L hydoxdwh +5:, dw rf
Frqvlghu uvw wkh whup TErfdM Erf  CErfo Lw vlpsolhv wr















' 4^￿T2f  4E^￿ n ^2T￿f ' 4^2T￿f 	 f +5;,
Lqhtxdolw| +5;, phdqv wkdw lq ghfhqwudol}hg htxloleulxp/ vshfldol}dwlrq wdnhv r wrr odwh
gxh wr wkh frruglqdwlrq idloxuh dprqj zrunhuv1

























3oE|3rf￿E^￿ E^￿T￿￿ n ^2T￿2  ^2 E^￿T2￿ n ^2T22n^2T2￿_|
Wklv h{suhvvlrq irupdol}hv dqrwkhu vrxufh ri lqh!flhqf| ri ghfhqwudol}hg htxloleulxp1
Hduolhu vshfldol}dwlrq phdqv pruh w|sh 6 zrunhuv rq wkh pdunhw zklfk lq wxuq lpso| pruh
pdwfkhv ri w|sh E2c dqg ihzhu pdwfkhv ri ri w|sh Ecc Ec2c dqg E2c2 Vlqfh +￿￿ 	
+￿2 	+ 22 	+ 2￿c dqg xvlqj wkh h{suhvvlrq iru wkuhvkrog/ lw iroorzv wkdw wkh vhfrqg whup lv
srvlwlyh1
F Whfkqlfdo ohppdwd














Surri1 Ghqh  E|'
U |

































r e3oE￿3r￿ Erc_ ' VEr  e3oE|3r￿VE|c_  E|')E|_| Vr/
































Ohppd 5 Vxssrvh dw wlph 3 xqhpsor|phqw lv }hur dqg doo zrunhuv duh ri w|sh 41 Wkh










iru |  rf dqg frqvwdqw 1c #c b￿cb 2
Surri1 Wkh g|qdplfv ri hpsor|phqw dqg xqhpsor|phqw ri w|sh 4 dqg w|sh 5 zrunhuv
ehiruh wkh vshfldol}dwlrq wdnhr +xqghu dvvxpswlrq wkdw w|sh 5 zrunhuv gr qrw dyrlg w|sh 4

















4  6B * 2f f
6 B*2f f






















L￿ E f 'f
u￿ Ef ' 
L2 E f 'f
u2 Ef ' f
jlyhv
;
A A A ?



















1 eb￿|  ￿
2
#n1







































zkhuh 8 E| lv wkh fgi ri h{srqhqwldo glvwulexwlrq zlwk sdudphwhu B
Surri1 Zrunhu ri w|sh  zkloh pdwfkhg zlwk w|sh  uhfhlyhv  rz ehqhw ￿￿ xqwlo
wkhlu pdwfk glvvroyhv/ zkhuhxsrq khu2klv glvfrxqwhg h{shfwhg xwlolw| lv jlyhq e| T￿f1+ 6 3 ,
iroorzv lpphgldwho| iurp wkh idfw wkdw zdlwlqj wlph ehiruh pdwfk glvvroxwlrq lv glvwulexwhg
h{srqhqwldoo| zlwk sdudphwhu B




































































dET￿￿  T￿f  ET2￿  T2￿o 
Y^2
Y%
dET￿2  T￿f  ET22  T2￿o







Y% 'f+Vlqfh ^￿n^2n^￿  
Ohw xv ghprqvwudwh wkdw +64, lv qhjdwlyh1 E| ohppd 6/





E￿￿  ￿2  2￿ n 22e




78Dw dqg diwhu wkh vshfldol}dwlrq wkuhvkrog T￿f E|  T2f E|  f( ￿￿  ￿2  2￿ n 22 '
E+￿￿  2+2￿ n +22*2 : f e| dvvxpswlrq +4,1 Wkxv/ +65, lv srvlwlyh dqg
T￿￿  T￿2  ET2￿  T22 : f




dET￿￿  T￿f  ET2￿  T2￿o : 
Y^2
Y%




dET￿￿  T￿f  ET2￿  T2￿o 
Y^2
Y%
dET￿2  T￿f  ET22  T2￿o 	 f
















































Surri1 Diwhu wkh wkuhvkrog/ wkh g|qdplfv ri wkh srrov ri hpsor|hg dqg xqhpsor|hg
zrunhuv ri w|sh 4/ 5/ 6 lv jryhuqhg e| wkh iroorzlqj vl{ htxdwlrqv=




































L qw k hf d v hz k h q￿2 ' 2￿ ' c zh fdq uhzulwh wklv v|vwhp lq whupv ri sursruwlrqv ^￿c^ 2c
^￿c qrwlqj wkdw L ' u￿  u2  u￿ +frqvwdqw srsxodwlrq,=
 ^￿ ' 4^￿ n ^￿6E^￿ n ^2
￿ n ^￿^2 n ^2
￿ n ^￿^2n B
2L EE  ^￿u￿  ^￿u2  ^￿u￿
 u￿ ' 6E^2
￿ n ^￿^2L  u￿B*2
 ^2 ' 4^2 n ^26En^2
￿ n ^￿^2 n ^2 n ^2
￿ n ^￿^2n B
2L EE  ^2u2  ^2u￿  ^2u￿
 u2 ' 6^2L  u2B*2
 ^￿ ' 4E^￿ n ^2n^￿6E^2
￿ n ^￿^2 n ^2
￿ n ^￿^2  ^￿n B
2L EE  ^￿u￿  ^￿u￿  ^￿u2
 u￿ ' 6E^2^￿ n ^2
￿L  u￿B*2
+66,
79Wkh lqlwldo frqglwlrqv duh ^￿ Erfc^ 2 Erfc^ ￿ Erf'fdqg vlploduo| iru u￿ Erf Wklv
v|vwhp ri glhuhqwldo htxdwlrqv lq qrq0olqhdu dqg xqvroydeoh lq forvhg irup1 Exw zh duh rqo|
lqwhuhvwhg lq vljqv ri wkh ghulydwlyhv
Y^￿E|￿
Y% 
Frqvlghu d v|vwhp ri glhuhqwldo htxdwlrqv
   ' u E cc +67,
zlwk lqlwldo frqglwlrqv  Ef '  fc zkhuh   lv d yhfwru ri glphqvlrq ? dqg  l vdy h f w r ur i
sdudphwhuv1
Li u E lv glhuhqwldeoh/ wkhq ghulydwlyhv ri wkh vroxwlrq  E| wr +67, z1u1w1 sdudphwhu >&


















zlwk wkh lqlwldo frqglwlrqv 
&
￿ Ef ' f ; V|vwhp +68, lv fdoohg wkh dvvrfldwhg glhuhqwldo
v|vwhp lq yduldwlrqv1















Y%￿￿ n ^￿ n ^2
Jlyhq wkh lqlwldo frqglwlrqv ￿ Erf'f/ wklv lpsolhv
Y^￿
Y4 ' ￿ 	 fc
Y^2
Y4 ' 2 	 fc
Y^￿
Y4 ' ￿ 	 f iru |:r f
Wkh surriv iru wkh ghulydwlyhv z1u1w1 B dqg 6 duh rewdlqhg dqdorjrxvo|1 Wkh dvvrfldwhg
v|vwhpv lq yduldwlrqv duh jlyhq e|




























YB : f 1


















Y%￿￿ n ^￿^￿ E  2^￿c







Y6 	 f 
7:Uhihuhqfhv
Dfhprjox/ G1 ^4<<9d`1 Fkdqjhv lq xqhpsor|phqw dqg zdjh lqhtxdolw|= Dq dowhuqdwlyh wkh0
ru| dqg vrph hylghqfhB/ Whfkqlfdo Uhsruw 478</ Fhqwuh iru Hfrqrplf Srolf| Uhvhdufk1
Glvfxvvlrq Sdshu &478<1
Dfhprjox/ G1 ^4<<9e`1 D plfurirxqgdwlrq iru vrfldo lqfuhdvlqj uhwxuqv lq kxpdq fdslwdo
dffxpxodwlrq/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 444= ::<;371
Dfhprjox/ G1 ^4<<:`1 Wudlqlqj dqg lqqrydwlrq lq dq lpshuihfw oderu pdunhw/ Uhylhz ri
Hfrqrplf Vwxglhv 97= 7787971
Dfhprjox/ G1 dqg ]lolerwwl/ I1 ^4<<;`1 WIS glhuhqfhv1 PLW plphr1
Djklrq/ S1 dqg Eodqfkdug/ R1 M1 ^4<<7`1 Rq wkh vshhg ri wudqvlwlrq lq Fhqwudo Hxursh/ QEHU
Pdfurhfrqrplfv Dqqxdo/F d p e u l g j h /P D 1
Ehzoh|/ W1 ^4<<8`1 D ghsuhvvhg oderu pdunhw dv h{sodlqhg e| sduwlflsdqwv/ Dphulfdq Hfr0
qrplf Uhylhz ;8= 5835871
Ehzoh|/ W1 ^4<<;`1 Zk| qrw fxw sd|B/ Hxurshdq Hfrqrplf Uhylhz 75= 78<<31
Eodqfkdug/ R1 M1 ^4<<:`1 Wkh Hfrqrplfv ri Srvw0Frppxqlvw Wudqvlwlrq/ Foduhqgrq Suhvv/
R{irug1
Eodqfkdug/ R1 dqg Nuhphu/ P1 ^4<<:`1 Glvrujdql}dwlrq/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 1
Erhul/ W1 ^4<<<`1 Wudqvlwlrq zlwk oderu vxsso|1 Sdshu suhvhqwhg dw wkh 8wk Qreho V|psrvlxp
lq Hfrqrplfv1
Erhul/ W1/ Exugd/ P1 F1 dqg Nùooø/ M1 ^4<<;`1 Phgldwlqj wkh Wudqvlwlrq= Oderxu Pdunhwv lq
Fhqwudo dqg Hdvwhuq Hxursh/ Lqvwlwxwh iru HdvwZhvw Vwxglhv1
Eruglq/ D1 ^4<<;`1 Oderxu Pdunhw lq Wrgd|*v Uxvvld= Lwv Klvwru| dqg Jhrjudsk|/ Wkh Qhz
Jhqhudwlrq 51
Eul{lryd/ ]1 dqg Ol/ Z1 ^4<<;`1 Vnloo dftxlvlwlrq dqg sulydwh up fuhdwlrq lq wudqvlwlrq
hfrqrplhv/ Zlooldp Gdylgvrq Lqvwlwxwh/ Zrunlqj sdshu &4951
Exughww/ N1 dqg Frohv/ P1 ^4<<:`1 Pduuldjh dqg fodvv/ Txduwhuo| Mrxuqdo ri Hfrqrplfv
445= 47449;1
Fdedoohur/ U1 dqg Kdpprxu/ P1 ^4<<9`1 Rq wkh loov ri dgmxvwphqw/ Mrxuqdo ri Ghyhorsphqw
Hfrqrplfv 84+4,1
Fdvwdqkhlud/ P1 dqg Urodqg/ J1 ^4<<:`1 Wkh rswlpdo vshhg ri wudqvlwlrq= D jhqhudo htxlole0
ulxp dqdo|vlv1 suhvhqwhg dw wkh uvw dqqxdo HHUF frqihuhqfh Hfrqrplf Wudqvlwlrq lq
FHH dqg Uxvvld/ Wkhru| dqg Hpslulfdo Hylghqfh1
7;Fd}hv/ V1 dqg Vfdushwwd/ V1 ^4<<;`1 Oderxu Pdunhw Wudqvlwlrqv dqg Xqhpsor|phqw Gxudwlrq=
Hylghqfh iurp Exojduldq dqg Srolvk Plfur0Gdwd/ Hfrqrplfv ri Wudqvlwlrq 9= 4464771
Frulfhool/ I1/ Khjhhphmhu/ N1 dqg U|elqvnl/ N1 ^4<<8`1 Srodqg/ lq V1 Frppdqghu dqg I1 Frul0
fhool +hgv,/ Xqhpsor|phqw/ Uhvwuxfwxulqj dqg wkh Oderu Pdunhw lq Hdvwhuq Hxursh dqg
Uxvvld/ HGL Ghyhorsphqw Vwxglhv1 Wkh Zruog Edqn/ fkdswhu 51
Idq/ F1 V1/ Ryhuodqg/ M1 dqg Vsdjdw/ P1 ^4<<:`1 Kxpdq fdslwdo/ jurzwk/ dqg lqhtxdolw| lq
Uxvvld1 Xqlyhuvlw| ri Orqgrq/ plphr1
Iodqdjdq/ U1 M1 ^4<<;`1 Zhuh frppxqlvwv jrrg kxpdq fdslwdolvwvB Wkh fdvh ri wkh F}hfk
Uhsxeolf/ Oderu Hfrqrplfv 8= 5<86451
Kdp/ M1/ Vyhmqdu/ M1 dqg Whuuhoo/ N1 ^4<<8`1 F}hfk Uhsxeolf dqg Vorydnld/ lq V1 Frppdqghu
dqg I1 Frulfhool +hgv,/ Xqhpsor|phqw/ Uhvwuxfwxulqj dqg wkh Oderu Pdunhw lq Hdvwhuq
Hxursh dqg Uxvvld/ HGL Ghyhorsphqw Vwxglhv1 Wkh Zruog Edqn/ fkdswhu 6/ ss1 <44791
Kxqw/ M1 ^4<<<`1 Srvw0xqlfdwlrq zdjh jurzwk lq Hdvw Jhupdq|1 QEHU Zrunlqj Sdshu Qr1
9;:;1
Nlp/ V1 ^4<;<`1 Oderu vshfldol}dwlrq dqg wkh h{whqw ri wkh pdunhw/ Mrxuqdo ri Srolwlfdo
Hfrqrp| <:+6,1
Nuhphu/ P1 ^4<<6`1 Wkh R0ulqj wkhru| ri hfrqrplf ghyhorsphqw/ Txduwhuo| Mrxuqdo ri Hfr0
qrplfv 43;= 884:81
Nuhphu/ P1 dqg Pdvnlq/ H1 ^4<<9`1 Zdjh lqhtxdolw| dqg vhjuhjdwlrq e| vnloo/ Qdwlrqdo Exuhdx
ri Hfrqrplf Uhvhdufk/ Zrunlqj sdshu & 8:4;1
Nuhphu/ P1 dqg Wkrpvrq/ M1 ^4<<;`1 Zk| lvq*w frqyhujhqfh lqvwdqwdqhrxvB \rxqj zrunhuv/
rog zrunhuv/ dqg judgxdo dgmxvwphqw/ Mrxuqdo ri Hfrqrplf Jurzwk 6= 85;1
Nuxhjhu/ D1 E1 dqg Slvfknh/ M1 V1 ^4<<8`1 D frpsdudwlyh dqdo|vlv ri Hdvw dqg Zhvw Jhupdq
oderu pdunhwv= Ehiruh dqg diwhu xqlfdwlrq/ lq U1 E1 Iuhhpdq dqg O1 I1 Ndw} +hgv,/ Gli0
ihuhqfhv dqg Fkdqjhv lq Zdjh Vwuxfwxuhv/ Wkh Xqlyhuvlw| ri Fklfdjr Suhvv/ fkdswhu 45/
ss1 7387781
Nx}qhwv/ V1 ^4<88`1 Hfrqrplf jurzwk dqg lqfrph lqhtxdolw|/ Dphulfdq Hfrqrplf Uhylhz
[OY= 45;1
Ox/ [1 dqg PfDihh/ U1 S1 ^4<<9`1 Pdwfklqj dqg h{shfwdwlrqv lq d pdunhw zlwk khwhurjhqhrxv
djhqwv/ lq P1 U1 Ed|h +hg1,/ Dgydqfhv lq Dssolhg Plfurhfrqrplfv/Y r o 19 /J u h h q z l f k /
ss1 4544891
P qlfk/ G1/ Vyhmqdu/ M1 dqg Whuuhoo/ N1 ^4<<;`1 Zrunhu0up pdwfklqj dqg xqhpsor|phqw lq
wudqvlwlrq wr d pdunhw hfrqrp|= +Zk|, duh wkh F}hfkv pruh vxffhvvixo wkdq rwkhuvB
FHUJH0HL plphr1
7<Qrrunrly/ Rud}hp/ Sxxu dqg Yrgrslyhf ^4<<;`1 Hpsor|phqw dqg zdjh g|qdplfv lq Hvwrqld/
4<;<0<8/ Hfrqrplfv ri Wudqvlwlrq 9+5,= 7;48361
Rud}hp/ S1 dqg Yrgrslyhf/ P1 ^4<<:`1 Ydoxh ri kxpdq fdslwdo lq wudqvlwlrq wr pdunhw=
Hylghqfh iurp Voryhqld/ Hxurshdq Hfrqrplf Uhylhz 74+608,1
Slvvdulghv/ F1 ^4<<3`1 Htxloleulxp Xqhpsor|phqw Wkhru|/ Edvlo Eodfnzhoo1
Srqwu|djlq/ O1 V1 ^4<98`1 D Frxuvh lq Ruglqdu| Glhuhqwldo Htxdwlrqv/ Klqgxvwdq Sxe1
Frus1/ Ghokl1
Uxwnrzvnl/ M1 ^4<<9`1 Kljk vnloov sd| r= Wkh fkdqjlqj zdjh vwuxfwxuh gxulqj hfrqrplf
wudqvlwlrq lq Srodqg/ Hfrqrplfv ri Wudqvlwlrq 7+4,1
Uxwnrzvnl/ M1 ^4<<;d`1 Fkdqjhv lq wkh zdjh vwuxfwxuh gxulqj hfrqrplf wudqvlwlrq lq Fhqwudo
dqg Hdvwhuq Hxursh1 Zruog Edqn whfkqlfdo sdshu &6731
Uxwnrzvnl/ M1 ^4<<;e`1 Zhoiduh dqg wkh oderu pdunhw lq Srodqg1 Zruog Edqn whfkqlfdo Sdshu
&74:1
Vdlqw0Sdxo/ J1 ^4<<9`1 Gxdo Oderu Pdunhwv/ PLW Suhvv/ Fdpeulgjh/ PD1
Vdu|fkhy/ D1 ^4<<<`1 Dqdo|wlfdo qrwhv rq wkh dgmxvwphqw ri kxpdq fdslwdo lq d vhwwlqj zlwk
surw0pd{lpl}dlqj upv1 PLW plphr1
Vklphu/ U1 dqg Vplwk/ O1 ^5333`1 Dvvruwdwlyh pdwfklqj dqg vhdufk/ Hfrqrphwulfd iruwk0
frplqj1
Wkh Zruog Edqn Ghyhorsphqw Uhsruw ^4<<9`1 Iurp Sodq wr Pdunhw/ R{irug Xqlyhuvlw| Suhvv1
Wrsnlv/ G1 ^4<<;`1 Vxshuprgxodulw| dqg Frpsohphqwdulw|/ Sulqfhwrq Xqlyhuvlw| Suhvv1
Yh
 fhuqðn/ M1 ^4<<8`1 Fkdqjlqj hduqlqjv glvwulexwlrq lq wkh F}hfk Uhsxeolf= Vxuyh| hylghqfh
iurp 4<;;04<<7/ Hfrqrplfv ri Wudqvlwlrq 6= 688:41
83